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YEAR ROUND OPERATION OF §. P. E. E. THROUGH 
COMMITTEES 


The potentialities of S. P. E. E. can be most fully attained by 
year-round operation through committees. The possibilities of 
committee effectiveness was glimpsed at Ithaca. The technical 
engineering societies are now utilizing this means for carrying on 
a continual advance. <A convention has its proper and unique func- 
tion, but the detailed attention of committees is required to collect 
data, make observations, remove the unessential, check obscure re- 
lationships, and to coérdinate and evaluate the factors involved 
in a situation. Engineering education, like other social problems, 
requires group thought and experience for the best solution. 


No phase of engineering education has reached a static condi- 
tion. Education is an evolving or growing function, shaped by an 
infinitude of human factors. New instrumentalities, changed social 
and economic demands on the profession, and adjustments to meet 
varying preparation of students, constantly alter the pattern. 
Therefore, our educational equation is one involving many variables 
rather than constants and our methods of solutions must be de- 
signed accordingly. 


The annual convention should see the culmination of the year’s 
work of the committees as well as offer a high point of inspiration 
to the membership for viewing the way ahead. Time must be 
available for an adequate presentation and consideration of com- 
mittee findings without displacing the individual papers and dis- 
cussions. Each has its function, and the two features of the pro- 
gram must be codrdinated so that the peculiar values of each can 
be realized. 


The times require a scrutiny and, perhaps, a re-defining, of 
objectives in engineering education. The power to do this lies 
latent in the Society, for it contains the necessary variety of view- 
point, the open-mindedness, the grasp of practical aspects and the 
experienced judgment within its membership. No outside agency 
has the combination. If the course of engineering education is not 
charted with discernment in the new era ahead, the failure will 
be our own. Thoughtful continuous effort by committees is our 
best reliance. 
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BASIC MATTERS FOR THE ATLANTA CONVENTION 


By H. P. HAMMOND 
Vice President, S. P. E. E. 


During the era of rapid expansion of engineering education 
which came to a close about thirty years ago, the effort to keep 
pace with the broadening scope of science and technology appears, 
in part at least, to have resulted in an attempt to match each new 
major technological development with a corresponding addition to 
the curriculum. The effect of this effort is all too apparent in the 
hopelessly overcrowded programs of the early 1900’s and in the 
seventy-odd special curricula and options that still bear witness to 
the attempt to pattern engineering education on a multitude of 
particular fields of application. 

In the main, despite such surviving evidences of ad-hocness, 
the futility of this attempt soon became widely and clearly recog- 
nized. A swing toward the ‘‘fundamentals,’’ as they were under- 
stood, therefore followed. This reaction soon resulted in a marked 
simplification of the program of engineering education, one conse- 
quence of which was the decrease of what had come to be known as 
specialization. This movement—one clearly understood by engi- 
neering educators—has not become so generally known among the 
older graduates of engineering colleges, and a good deal of mis- 
directed criticism and much footless discussion has been caused 
thereby. But that is another story. 

This trend toward simplification, however, has not solved the 
problem of the curriculum. While one of its phases seems to have 
been solved, we find that the problem as a whole has been taking 
on a new aspect. What we call the fundamentals are themselves 
undergoing marked changes; they are developing and broadening 
in scope, and greatly expanding at the base. This change ap- 
pears to be even more rapid, and even more fundamental, than is 
the change in technology itself. 

As an illustration, witness what has happened and is happening 
in chemistry. To gain some conception of this one has but to con- 
sider how ill adapted to a present-day course in general chemistry 
would be the chemistry text of twenty-five years ago. The writer 
himself studied from Smith’s translation of Richter’s ‘‘ Inorganic 
Chemistry.’’ In that classic work will. be found no statement of 
the modern concepts of the constitution of matter; the generaliza- 
tions and theories that comprise the modern science of chemistry 
are conspicuously absent. To-day the first course in chemistry must 
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not only include the modern science of the subject, and be based to 
a considerable extent upon it, but must also include the older 
**statistical’’ material on the elements, compounds, reactions, and 
all that made up the course in general chemistry of twenty-five 
years ago. The result is obvious: more time is demanded, and is 
needed, to give the freshman an adequate course in general chem- 
istry. 

The same is true of physics. It is not sufficient in this connec- 
tion to say, as we sometimes hear, that most engineers need nothing 
beyond a sound knowledge of Newtonian physics. The most abstract 
theories of today too often have a way of becoming the working 
tools of the engineer of tomorrow. The radio industry, for exam- 
ple, employs hundreds of engineers whose every-day work is based 
upon principles derived from the electronic theories of the con- 
stitution of matter, which seemed the most abstract hypotheses 
twenty-five years ago. 

And the same is true of every field of physical science on which 
as foundations the superstructure of engineering is erected. Our 
problems arise not from the mere fact that science is changing; 
that has always been true. They arise, rather, because the changes 
of the past few years have been so deeply fundamental, and be- 
cause they have come at such an unprecedently accelerated rate. 

Further, what we commonly call Applied Science is expanding. 
In the writer’s own field, Hydraulies, we are breaking away from 
the traditional type of course that has been offered substantially 
unchanged since Mansfield Merriman’s text was first published 
nearly fifty years ago, and it is not difficult to predict that the first 
course will soon be of quite different nature, including the elements 
of dimensional analysis, more extended use of Reynold’s and other 
dimensionless numbers, the laws of similitude, properties and flow 
of liquids other than water, and other topies. This will demand 
more time if the work is to be done properly. 

Still further, there is insistent, and justified, demand that engi- 
neers shall have a broader training in the humanities, as well as in 
economies, both classic and applied, and in the art of management 
and administration. 

Finally, in the world at large economie and social factors, which 
are changing almost from week to week, cannot fail to exert a 
potent influence on our work. 

In a word, the problem of the curriculum and its seope and 
duration is with us, as always, but in a form that has altered in 
the past decade and, unless the writer is much mistaken, is likely 
still further to alter in the not distant future. 

One of the results of these forees, both internal, as related to 
teaching, and external, as exhibited by the needs of the profession, 
is the phenomenally rapid expansion of graduate study of the past 
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decade or two. From relatively small numbers fifteen years ago, 
enrollments of graduate students have increased until today about 
one-third of all our graduates pursue programs of advanced study 
in one way or another. It is no longer sufficient for a graduate to 
have done well in his undergraduate courses to insure himself a 
job (even in normal times) in the more scientific aspects of research, 
design or development, or to go far in them. An advanced degree 
is becoming the one best way to open a good many of the doors of 
opportunity. This is especially evident in teaching; few of us 
now want to employ the graduate who has not at least the master’s 
degree, and we are inclined to favor those who are proceeding with 
work for the doctorate, of whom there is a plentiful supply. 

This rapid expansion has naturally brought with it the at- 
tendant problems of adequacy of staff and equipment, the quali- 
fications of the related departments of science of the institution, in 
fact the very ability of the institution as a whole to cope with the 
problem of maintaining, in difficult times, sound undergraduate 
work and also of providing for the considerable groups of grad- 
uate students who are presenting themselves. It has also brought 
problems of institutional and department administration; of the 
aim—preponderantly scientific or essentially technological—of the 
work; of the amount and kind of so-called ‘‘liberal’’ courses and 
of economics that should be provided ; of the relative emphasis upon 
course work and upon research; and of the extent to which indi- 
vidual institutions should marshal their resources in a limited sector 
of advanced work instead of attempting to carry on in the entire 
range of their undergraduate programs. 

There is also, of course, the fundamental problem of the rela- 
tionship of graduate work to undergraduate study ; it may be that 
more consideration should be given than is being given at present 
to the extent to which the undergraduate program should be 
planned purely as a terminal program for the majority, or as a 
preparation for the advanced work of the minority. This problem 
is, of course, closely related to that of the length of the undergrad- 
uate curriculum, to which reference has already been made. 

That these conditions are recognized as problems by engineer- 
ing educators is indicated by several of the present activities of the 
Society, including the study of the length of the undergraduate 
curriculum by one committee, and the survey of graduate work by 
another. These committees will report on their work (that of the 
Committee on Graduate Work being the conclusion of discussions 
and surveys that have been in progress for the past four years) at 
the Atlanta Convention, in June. Both of these projects deal with 
aspects of engineering education that have a vital bearing upon its 
future development. 








ENGINEERS’ COUNCIL FOR PROFESSIONAL 
DEVELOPMENT WILL ACCREDIT 
ENGINEERING COLLEGES 


By H. P. HAMMOND 
S. P. E. E. representative on E. C. P. D. 


Approval of the Engineers’ Council for Professional Develop- 
ment as the agency for accrediting engineering colleges was con- 
ferred by the American Institute of Electrical Engineers on Jan- 
uary 21, 1935, thus completing the authorizations needed to inaugu- 
rate the accrediting procedure which was approved by the Council 
of §. P. E. E. at the Ithaca meeting in June, 1934. 

.E. C. P. D., through its Committee on Engineering Schools, 
announces the following principles and procedures in accordance 
with which accrediting will be conducted. 


Basis FoR ACCREDITING 


I. Purposes of accrediting shall be to identify those institutions 
which offer professional curricula in engineering worthy of recog- 
nition as such. 

II. Accrediting shall apply only to those curricula which lead 
to degrees. 

III. Both undergraduate and graduate curricula shall be ae- 
credited. 

IV. Curricula in each institution shall be accredited individ- 
ually. For this purpose, E. C. P. D. will recognize the six major 
curricula: Chemical, Civil, Electrical, Mechanical, Metallurgical 
and Mining Engineering—represented in its own organization, and 
such other curricula as are warranted by the educational and in- 
dustrial conditions pertaining to them. 

V. Curricula shall be accredited on the basis of both qualitative 
and quantitative criteria. 

VI. Qualitative criteria shall be evaluated through visits of in- 
spection by a committee or committees of qualified individuals 
representing E. C. P. D. 

VII. Quantitative criteria shall be evaluated through data se- 
eured from catalogues and other publications, and from question- 


naires. 
VIII. Qualitative criteria shall include the following: 
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1. Qualifications, experience, intellectual interests, attainments and 
professional productivity of members of the faculty. 
2. Standards and quality of instruction. 
a. In the Engineering departments. 
b. In the Scientific and other codperating departments in 
which engineering students receive instruction. 
. Scholastic work of students. 
. Records of graduates both in graduate study and in practice. 
. Attitude and policy of administration towards its engineering 
division and toward teaching, research and scholarly pro- 
duction. 


Ore CoO 


IX. Quantitative criteria shall include the following: 


1. Auspices, control and organization of the institution and 
of the engineering division. 


2. Curricula offered and degrees conferred. 

3. Age of the institution and of the individual curricula. 

4. Basis of and requirements for admission of students. 

5. Number of students enrolled. 
(a) in the engineering college or division as a whole 
(b) in the individual curricula. 

6. Graduation requirements. 

7. Teaching staff and teaching loads. 

8. Physical facilities. The educational plant devoted to 


engineering education. 
9. Finances: investments, expenditures, sources of income. 


The purpose of E. C. P. D. is to substitute a single accrediting 
for the uncodrdinated methods that have been used in the past. 
E. C. P. D., representing the national engineering societies, the 
state licensing boards, and the colleges of engineering, is the only 
agency that can accredit colleges under properly inclusive auspices. 
As a not unimportant incidental advantage, accrediting by this one 
agency will avoid the needless duplications of present procedures. 

E. C. P. D. is merely authorized by its constituent organizations 
to publish a list of accredited colleges for use by those agencies 
which require such a list. It has no authority to impose any re- 
strictions or standardizations upon engineering colleges, nor does 
it desire to do so. On the contrary, it aims to preserve the inde- 
pendence of action of individual institutions and to promote the 
general advancement of engineering education thereby. 

As stated in the foregoing paragraph headed ‘‘Basis of Ac- 
erediting’’ appraisal of institutions will be based upon statistical 
information as obtained from catalogues and questionnaires, and 
upon evidences of quality of instruction, adequacy of equipment, 
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and of teaching staff, and other factors not susceptible of statistical 
analysis, as determined by visits of inspection by committees of 
qualified representatives of the Committee on Engineering Schools. 
Emphasis will be given to quality of work rather than to statisti- 
cal information to a greater degree than in former accrediting pro- 
cedures. No hard-and-fast prescriptions are laid down for the cur- 
riculum, the physical facilities, the investment or expenditures, or 
other specific points relating to a given institution, though all of 
these, and others, will be taken into account in appraising the insti- 
tution as a whole. 

Final decision as to accrediting of each institution rests with 
the Engineers’ Council, which will pass upon the recommendations 
made to it by the Committee on Engineering Schools. 

The general expenses of developing the accrediting program 
will be borne in part by a grant of funds from Engineering Founda- 
tion. Expenses of the visiting committees representing the Council 
will be met by a charge made to the individual institutions sufficient 
to cover cost of travel and subsistence during the inspection This 
is in accord with the practice of a number of other accrediting 
agencies. 

Committees of inspection will comprise both teachers and prac- 
ticing engineers, the criteria for selection being competency to judge 
educational institutions, good judgment, and availability. For the 
purposes of organization and administration of the accrediting 
program the country has been divided into seven geographical 
regions which include within their boundaries approximately equal 
numbers of engineering colleges: New England, the Middle Atlantic 
States and Maryland, the Southeastern States, the Upper Missis- 
sippi Valley, the Lower Mississippi Valley, the Southwest, and the 
Northwest. Committees in the seven geographic areas will include 
representatives of each of the organizations constituting the Engi- 
neers’ Council. Alternates will be provided who will serve instead 
of the regular members when the latter would be called upon to 
judge a neighboring or rival institution, or the one with which the 
individual himself is connected. A member of the E. C. P. D. 
Committee on Engineering Schools will serve as chairman of each 
regional committee. 

Accrediting of individual institutions and of curricula offered 
by them will be, of course, upon invitation of the institutions. 
Formal notification of the launching of the acerediting program will 
be sent by the Committee to officials of the institutions in the near 
future. 

The membership of the E. C. P. D. Committee comprises the 
following individuals: 
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Karl T. Compton, Massachusetts Institute of Technology, Chatr- 
man, representing American Institute of Electrical Engi- 
neers 

H. P. Hammond, Polytechnic Institute of Brooklyn, Vice Chairman, 
representing Society for the Promotion of Engineering Edu- 
cation 

G. M. Butler, University of Arizona, representing American Insti- 
tute of Mining and Metallurgical Engineers 

Ivan C. Crawford, University of Idaho, representing American 
Society of Civil Engineers 

Harry A. Curtis, Tennessee Valley Authority, representing Ameri- 
can Institute of Chemical Engineers 

P. H. Daggett, Rutgers University, representing National Council 
of State Boards of Engineering Examiners 

A. A. Potter, Purdue University, representing American Society of 
Mechanical Engineers. 


Inquiries as to any phase of accrediting should be addressed to 
the Committee on Engineering Schools, Engineers’ Council for Pro- 
fessional Development, George T. Seabury, Secretary, 33 West 39th 
Street, New York, N. Y. 


a 








CONFERENCE ON TECHNICAL INSTITUTES * 
REPORT OF COMMITTEE ON TECHNICAL INSTITUTES 


This Society from the beginning has shown an interest in all 
phases of technical education and in the relationship of all the 
various branches of this broad field with the central features of the 
four-year engineering program. For example, two of our past 
presidents constantly found occasion to do pioneer work in stimu- 
lating interest in secondary technical education. I refer to Dean 
John B. Johnson and to Professor Calvin W. Woodward. Over a 
long period these men served on various committees fostering this 
kind of work. In more recent years, under the auspices of the So- 
ciety, President Wickenden conducted an interesting and most 
valuable study especially in regard to the Technical Institutes and 
published full information about their development and statistics 
of their status. 

The Society, therefore, is thoroughly committed to the idea of 
promoting the kinds of education which these institutions furnish. 
In line with this, your President appointed, last December, a Com- 
mittee on Technical Institutes and assigned to this Committee the 
task of bringing before the Society certain questions regarding 
different phases of technical education that are of vital interest 
to all of us at the present time. 


1. THE BOUNDARIES OF THE DIFFERENT FIELDS OF TECHNICAL 
EpucATION 


It is unquestionably true that, in the broad field of technical 
education, it would be helpful to everybody concerned—-those who 
are engaged in the more conventional four-year college courses lead- 
ing to degrees, those who are engaged in the various types of ex- 
tension work in which universities are engaged, and those who are 
engaged in the field of Technical Institutes alike—if these several 
fields of technical education could be so defined that all would 
clearly understand the area of each field and also the respective 
purposes and aims within each of these fields. 

For this reason, it may be worth while for the Committee on 
Technical Institutes briefly to list some important features and 
points of contact. What are the boundaries and areas of the sev- 
eral fields occupied (a) by the four-year engineering colleges offer- 

* Presented at the Cornell meeting, 8. P. E. E., June 21-22, 1934. 
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ing degrees, (b) by extension work of the various types which uni- 
versities offer, and (c) by the Technical Institutes? Surely an aec- 
cepted understanding of the limits and characteristics of these 
fields would mark a distinct step forward. As an aid toward the 
answer of this question, your Committee offers the following ideas 
which may help to outline the boundaries of the field of education 
typified by the Technical Institutes : 


2. THe FIELD OF THE TECHNICAL INSTITUTE 


First: The facts and considerations that control the character 
and methods of instruction in this field are apt to be economic to a 
greater extent than they are educational. This distinction is really 
very important and underlies in great measure the six considera- 
tions which follow. 

Second: The instruction throughout is non-collegiate in char- 
acter; its starting point and its goal are not in any way com- 
mensurate with the beginning or the ending or any intermediate 
point in the usual four-year college course. 

Third: The teaching is non-standardized in the sense that our 
usual high school or college courses are standardized. 

Fourth: The instruction is adapted to the individual needs of 
the particular student and in general is given by methods of indi- 
vidual instruction. 

Fifth: The instruction is much more directly and specifically 
vocational than is usual in the greater part of college and profes- 
sional school teaching. 

Sixth: The instruction at all points is kept flexible so that it 
may be rapidly adjusted to fit changing requirements of employ- 
ment and of industry. 

Seventh: In so far as possible, however, within the limitations set 
by the economic situation, instruction aims to develop all the talents 
and capacities of each individual that come within the range of the 
broad field which is his particular goal. 

In conclusion, therefore, the instruction in Technical Institutes 
in certain particulars and for certain students may be more ad- 
vanced than anything usually given at the end of the four-year 
college course, and in other particulars, less complete and more 
elementary than that usually included in standard high school 
courses. 

It likewise would be to the advantage of everyone engaged in 
each of the three fields of technical education that we have referred 
to, if the particular type of personnel from which each one of the 
three draws its student body could be understood, and if the de- 
sired qualifications of such individuals could be understood. Henee, 
the Committee offers the following regarding its own field: 
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First: Technical Institutes draw their students from a number 
of directions, such as, the student who has already started college 
but who, for some reason, is forced to leave college, boys who have 
not completed high schooling for various and usually excellent 
reasons, boys who are high school graduates but are not ‘‘study’’ 
minded, boys who have had but little day high school but who may 
have studied in night school or correspondence courses, or who have 
had practical experience in industry; in fact, anyone desiring to 
secure a foothold toward some specific task or type of work in the 
World. 

Second: The student body of Technical Institutes is apt to be 
drawn entirely from those who prefer action rather than study and 
who will work hard when they see that the study has direct con- 
nection with action. They wish to know the best way of doing 
something and evince genuine satisfaction in the work which pro- 
duces tangible results. They do not object to doing the same thing 
twice. They have a love for excellence of accomplishment. The 
shorter courses appeal to them as also do the direct methods of 
instruction. As a rule, they are not interested in scholarship for 
scholarship’s sake. 

Third: In attempting to pass upon fitness of applicants, the 
ability to profit by the instruction is the prime consideration. 
Oftentimes evidence of earnestness and similar qualities of person- 
ality count more than tests of schooling or intelligence. An ex- 
treme example of this might be referred to: 

An expert dog-sled driver who could neither read nor write 
eame from Labrador to Pratt Institute. After nine months’ in- 
struction, mostly in applied electricity, he returned and has be- 
come an electrical and architectural constructor of outstanding 
excellence. 

Fourth: It is interesting to note how much really superior 
talent and dynamic leadership there is to be found in the type of 
student just described. Occasionally a dynamic leader arises from 
this group of boys without school training beyond the elementary 
grades. Thomas A. Edison, Andrew Carnegie, Charles M. Schwab, 
Henry Ford, John A. Brashear are a few outstanding examples. 
But such men are exceptions. In general, however, there is always 
a large percentage of latent capacity in the unschooled boys in 
society. 

I am sorry that we have not been able to find figures for the 
country as a whole, but the statistics for Massachusetts which are 
. typical illustrate. In that state there are between 800,000 and 
900,000 boys and young men whose ages range from 6 to 26 
years. Almost exactly half, something over 400,000 are at present 
out of school. Of these, approximately 200,000 have had little 
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beyond elementary schooling. The proportion who have had col- 
lege training or its equivalent is very small. Probably less than 
30,000 have had any college experience sufficient to be worthwhile. 

It is the ominous fact, therefore, that the great proportion of 
the persons who, for better or for worse, eventually rise to stations 
in business or industry or society where they might exercise impor- 
tant control or influence, have had the benefit of extraordinarily 
little educational background. 

A pathway from where the more ambitious of this vast multi- 
tude find themselves to some goal which they hope to reach is the 
peculiar problem of the Technical Institutes. 

One of our very distinguished national leaders has said: 


As our numbers increase and as our life expands with science and in- 
vention, we must discover more and more leaders from every walk of life. 
We cannot hope to succeed in directing this increasingly complex civiliza- 
tion unless we can draw all the talent of leadership from the whole people. 

One civilization after another has been wrecked upon the attempt to 
secure sufficient leadership from a single group or class. 


Clearly we must all agree that it is the important task before 
this nation to discover more ways to develop the talent and leader- 
ship from all the walks of life. 

In conclusion, it is an interesting fact that during the World 
War it was shown by the Army Alpha Tests of many thousands of 
drafted men that 70 per cent of all the A and the B grade leaders 
came not from the college trained group but the larger group of 
the non-college men that we have been describing. 

The discovery of as many as possible of this 70 per cent of 
dynamic leaders is again our problem. Their wide variation makes 
uniform standards unthinkable. 


3. Guipina ApPLiIcANTs TOWARD THE FIELD FoR WHICH EacH 
OnE Is Firtep 


The desirability of finding a way by which young men who seek 
some form of technical training as preparation for what is to be 
their life work may be directed toward the appropriate field for 
their purpose is too obvious to need discussion. The process by 
means of which this may effectively be done is quite a different 
matter. 

First: The study which Dr. Wickenden and the Board of In- 
vestigation and Coordination of this Society carried on so care- 
fully a few years ago showed that at that time 72 per cent of all 
the men who entered the regular four-year courses of the Colleges 
of Engineering in the United States failed of graduation with their 
classmates. 
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The fact was brought out, too, that a large proportion of this 
72 per cent failed because they were not fitted for the kind.of in- 
struction offered or the instruction was not fitted to their particu- 
lar needs. And we all know of so many instances where such men 
have in one way or another made good afterward, that blame can- 
not be put entirely upon their total lack of ability. Under differ- 
ent circumstances with programs designed for their particular needs 
and with the advantage of individual instruction, without question 
many of these would have excelled and would have proved of 
credit to themselves and their institutions. 

There would be enormous gain therefore if, on the one hand, 
colleges could be freed from the burden of caring for the men of 
this type and, on the other hand, if the men themselves might be 
spared the disappointments and the discouragements as well as the 
loss of valuable years due to such failures. There is need therefore 
for the development of more dependable tests and methods of esti- 
mating aptitudes and of predicting probability of success. 

As a suggestion we urge more emphasis and more reliance upon 
the development and the use of the ‘‘Continuous Record Card’’ 
and, of the techniques of the personal interview. 

Second: So far as the Technical Institutes are concerned, they 
receive many students who would profit by four-year courses and 
who could carry them with success. The Institutes would be glad 
to direct them to the colleges. The difficulty in the way almost in- 
variably is the economic one. Such students cannot afford the 
expense of the longer course. If it were known in advance that 
there were scholarships available for exceptional men of this kind 
that might be depended upon, it would be a great help. 


4. APPROPRIATE TRANSFERS OF STUDENTS 


The problem of the transfer of students between four-year col- 
lege courses and the day courses of the Technical Institutes appears 
to present little difficulty. On the one hand, the Institutes can 
easily make the necessary adjustments because of the freedom that 
the methods of individual instruction give them. And on the 
other hand, it has been the almost universal experience of the past 
that whenever a student from a Technical Institute is fortunate in 
finding opportunity to go forward to a four-year course—as does 
not infrequently happen—his earnestness, ambition and native 
capacity together enable him easily to find ways to surmount the 
. difficulties of the change. 

The one suggestion that we might offer at this point would be 
greater flexibility of entrance requirements in some places, par- 
ticularly in accepting fair equivalents. 
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5. THe EXpeERIENCE OF TECHNICAL INSTITUTES 


It may happen, perhaps, that in the experience of developing 
instruction for the groups of individuals that the Technical Insti- 
tutes have endeavored to serve, there may be some ideas or some 
principles that have been evolved that would be interesting topics of 
discussion or worthy of experimental trial within the field of one 
or another of the other branches of technical education. For this 
reason, the Technical Institute Committee calls attention to a few 
of the practices within its field which have appeared from expe- 
rience to be particularly successful. 

The freedom from fixed standards and from the requirements 
that all students must attain the same or a given level of per- 
formance at the same time has given the Technical Institutes a 
wonderful opportunity to try new experiments, and to compare 
the relative effectiveness of different methods of training. 

Furthermore, the economic urge that most of the Technical 
Institute students have always felt has put upon the teachers in 
these schools a maximum incentive to find ways to make the men 
in their classes continuously conscious of their own growth and 
self-development. 

From the large number of features of teaching and administra- 
tive techniques that are characteristic of different Technical Insti- 
tutes and are somewhat at variance with common practice in the 
usual four-year course, we list the following as perhaps the most 
significant. Each of these features if taken by itself may seem 
familiar or relatively unimportant, but when several of them are 
operating together they appear to produce in the teaching a 
peculiar dynamic quality. 

First: Evidence of probable ultimate fitness to succeed in some 
particular job or calling—rather than tests relating to previous 
schooling—is the controlling factor in deciding upon the claims of 
candidates for admission. This challenges and capitalizes each 
young man’s ambitions at the very beginning of his course of 
instruction and furnishes him with a definite and concrete goal 
for all his work and effort. 

Second: The program and the instruction aims to fit the needs 
of each individual student and to develop his particular abilities 
and talent. 

Third: Concrete elements of work in the world are utilized as 
instruments of training in a way that encourages students to draw 
for themselves valid conclusions and arrive at sound principles. 
Or, put in another way, the student early and continuously is 
given a chance to come to grips with current problems that bear 
directly upon his struggle for existence. 
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Fourth: Emphasis is placed upon action in contrast with knowl- 
edge; memory training is subordinated; subconscious skills and 
judgments are favored; and the student’s progress is measured 
largely by what he can do rather than by what he may know. 

Fifth: The student is encouraged to proceed at the rate that 
best suits his temperament and capacity. 

Sixth: The steps of the instruction are made easy and short 
enough readily to be mastered on the one hand; but speed in per- 
formance, great precision, and pride in real excellence are, on the 
other hand, encouraged. 

Seventh: Great pains are taken to avoid uncertainty and mental 
confusion in the student’s mind; confidence is stimulated by fre- 
quent and rapid repetition; creative thinking and constructive 
action are fostered. 

Eighth: Conditions are created to bring forth qualities of per- 
sonality that result in leadership and that build habits of both 
thought and conduct likely to prove helpful in meeting the best 
requirements of the future occupations. 

Dr. C. R. Mann, when describing in a recent address some of 
the critical educational factors that have been brought out in the 
government emergency relief experiments, expresses the ideas of 
the last paragraphs and sums them wp in the two following words: 
‘integrated personality.’’ When men, he says, integrate feeling, 
emotion, and their heart’s deep desire with thinking through ap- 
propriate action in doing things of human value,—they are at their 
best. They work hard and grow. 

Respectfully submitted, 
Watter B. Russet, 
Chairman. 


WHAT SHALL THE ENGINEERING COLLEGE DO WITH STUDENTS 
WHO TURN OUT VOCATIONALLY-MINDED RATHER 
THAN PROFESSIONALLY-MINDED? 


By H. H. HIGBIE 


Professor of Electrical Engineering, University of Michigan 


‘*Professionally-minded’’ people I understand to be those who 
are primarily interested in changing things with design to improve 
them for a purpose, not merely those who are obsessed by an in- 
tellectual Wanderlust ; and ‘‘ vocationally-minded’’ people I under- 
stand to be those who prefer or who are capable only to follow 
example and to lean upon authority, contentedly devoting their 
lives to doing over and over again, even if only more skillfully, the 
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things they have been shown how to do. In my judgment, it is 
only the professionally-minded for whom an education as exten- 
sive and as costly as that leading to a degree from a college or a 
professional school should be intended and designed; the voca- 
tionally-minded can best use a training of a different and more 
economical kind. 

The vast majority of people are vocationally-minded, witness 
the generally ready and cheerful subservience to vogues, styles, 
cults, fads, formulas and dictation of all kinds, in social, political 
and religious affairs. It is probably largely for this reason that 
colleges discover a considerable percentage of the students ad- 
mitted to be vocationally-minded. What the college does with 
this mass of mediocre mentalities largely determines the kind of 
reputation that the school shall attain. The majority of engineer- 
ing colleges are probably attempting to evade this question by 
straddling it, adjusting the demands, made uniformly upon all 
students, so as not to discourage and turn away the greater number 
of vocational minds, while yet proceeding so that only those who 
think for themselves can get the most out of the instruction. This 
policy does not tend to maximum development of the best minds 
for which, presumably, the highest educational facilities should be 
intended. The two types of mind should be segregated as early 
and as effectively as practicable, and each should receive the par- 
ticular training or education best adapted to its nature. 

It should be practicable to distinguish fairly these two types of 
mind by means of examinations previous to college entrance, al- 
though a type of examination quite different from that ordinarily 
employed would have to be developed for such purpose. This 
examination should seek to measure the student’s desire and 
capacity to think for himself independently in new and unusual 
situations, rather than his ability to acquire and retain knowledge 
and to follow directions. It need not, perhaps had better not, 
deal entirely or mainly with matters that have been studied in 
classes and books, but should aim to discover the vital interests of 
the candidate, his actual past performance in observing what has 
gone on around him and its possible significances and implications, 
his ambitions to achieve something new and distinctive in any field 
of interest but particularly that in which he is intending to do his 
life work, and his accomplishments in translating such observa- 
tions and ambitions into realities. The examination should aim 
to set apart, on the other hand, the candidate whose first impulse 
when faced by a new situation is to seek precedents and directions 
as aids to meet it; who takes no joy but perhaps even suffers fright 
in being thrown upon his own initiative; who is addicted to the 
formula habit, of seeking to force old solutions to fit new problems, 
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of deferring to conventions without weighing their values care- 
fully ; and who would try to please those in positions of influence 
and authority at whatever sacrifice of principle and self-respect. 

If we fail or do not try to segregate these two types of students 
at the time of admission to engineering college, we can still render 
a good service by readjusting the first semester or the whole first 
year so that everyone who enters shall be helped and encouraged 
and given something that he can use later regardless of whether 
he be vocationally- or professionally-minded. Some of the studies 
and procedures necessary to vocational training may also be use- 
ful in professional education, and the diagnostie value of a first 
year in common for all technical students may make it desirable 
to sacrifice slightly our established sequences and modes of instrue- 
tion in such subjects as mathematics heretofore determined by our 
conception of the professional requirements. 

‘Perhaps we teachers and administrators in engineering schools 
and in technical institutes ourselves face a determination of which 
type of mind we have, in our attitude toward this question. If we 
recognize the need of some change in our methods but evade the 
issue in deference to tradition, it would appear that we are either 
vocationally-minded educators, or lazy and faint-hearted profes- 


sionally-minded ones. 


WHAT EXPERIENCE SHOWS AS TO THE ADVANTAGES AND 
DISADVANTAGES OF CONDUCTING TECHNICAL INSTITUTE 
TRAINING IN THE SAME INSTITUTION WITH 
DEGREE COURSES 


By A. C. JEWETT 


Director, College of Industries, Carnegie Institute of Technology 


For more than twenty years the Carnegie Institute of Tech- 
nology maintained curricula of technical character in two distinct 
fields. One group, which was practically eliminated a year ago, 
was of the so-called technical institute type. Its curricula were 
mostly of two years’ duration, and directed entirely to the rapid 
preparation of students for employment of a definite technical 
character. <A certificate was awarded for completion of the re- 
quired program. The other group was of a fairly standardized or 
orthodox engineering sort, leading to a Bachelor of Science degree. 

Both groups were taught by essentially the same faculty, under 
the same administration, in the same buildings, shops, and labora- 
tories, but under separate schedules. That is, classes were not 
mixed. This was contrary to the good advice published by the 
American Council on Education and the Carnegie Foundation for 
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the Advancement of Teaching ten years ago or more. That advice 
was based partly upon the experience of many colleges and uni- 
versities that had maintained preparatory departments, and recom- 
mended that if the lower grade work could not be avoided, it be 
handled by an entirely separate staff and in separate buildings. 

The arrangement at Carnegie was not a deliberate choice, but 
eame about from the fact that the institution was founded as the 
Carnegie Technical Schools, essentially on a technical institute 
basis, and very soon began a transition to the type of curricula 
leading to a Bachelor’s degree. 

The reason for this transition, and for the ultimate passing 
away of the technical institute type of work, is not pertinent to 
this discussion. 

As to the advantages of conducting technical institute training 
in the same institution with degree courses little can be said. Grant- 
ing that the separate technical institute is adequately staffed, 
equipped, and endowed, almost everything is in favor of a separate 
institution. If the facilities for technical institute instruction can- 
not be otherwise obtained, there would be advantage in using the 
facilities already provided for work leading to a degree in engi- 
neering or science. There should be safeguarding restrictions. 
Our experience indicates that night classes could be more suc- 
cessfully handled than day classes. 

The disadvantages of the combined efforts are these: The 
faculty and administration favor one type of work to the disad- 
vantage of the other. The interests of the two groups of students 
clash. 

In spite of the fact that arguments in favor of the technical 
institute type of training are many and strong, the college grad- 
uate receives greater recognition and respect from the public gen- 
erally. Faculty members, especially those who themselves have 
college degrees, were prone to say to the better ‘‘short-course’’ or 
‘*non-degree’’ students, ‘‘Why don’t you transfer to the degree 
course?’’ It was not uncommon for degree students and faculty 
members to speak slightingly of non-degree work and favor degree 
work. Naturally this branded the ‘‘non-degree’’ course as in- 
ferior and less desirable. The general administration officers also 
reflected this attitude. Had it. been possible to devote time and 
effort to making technical institute enthusiasts of the faculty, then 
the degree work possibly would have suffered in esteem. 

This attitude toward the courses also adversely affected the 
character of instruction. It could hardly be otherwise. Neverthe- 
less, our short courses were efficient and effective, and we are proud 
of the success made by many graduates from them. Perhaps the 
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earlier graduates who have been out long enough to establish them- 
selves were better trained than the more recent students. 

The two groups of students occupied the campus at the same 
time. Both were interested in the school activities, athletics, etc. 
But the rule of intercollegiate athletics barred the ‘‘non-degree’’ 
men from participation. They were ineligible for membership in 
the national social fraternities. These conditions implied inferior- 
ity. The students affected could not help feeling the restraint. 
These were conditions beyond the control of the institution. Partly 
because of these restrictions, non-degree students were debarred 
from some social events, and their opportunities for pares of 
leadership were limited. 

Under the student government plan the ‘‘Student Council’’ was 
composed of degree students. Non-degree students were not al-. 
lowed voting membership, but were ultimately offered a chance to 
send a representative to Council meetings without a vote. In spite 
of this, it was almost impossible to secure exemption of first-year 
non-degree students from freshman regulations and hazing. 

In the night school both kinds of instruction are being con- 
tinued. The night school faculty is greatly enlarged by many men 
who come from industrial employment to teach at night. Even the 
day faculty seems to have a different attitude at night. One night 
student said of the day faculty: ‘‘They get up in the morning full 
of energy and enthusiasm which is toned down to a reasonable 
attitude by the time they come to night school.’’ 

The night school students are largely employed in industry. 
They have minds of their own regarding their training and edu- 
cation. Their time is limited. As a rule they expect useful results 
in four years’ instruction, an amount about equivalent to that of 
the two-year non-degree courses. They have their own social 
activities and do not expect to enjoy all the privileges of full-time 
day students. The faculty members are affected by this situation. 
It takes a minimum of about eight years to earn a degree at night. 
If a degree course is recommended to a night student, it is after he 
has accomplished something on the non-degree program. The 
changed attitude of the faculty toward the night student is a direct 
result of an almost completely changed set of governing conditions. 

Our experience favors the separate technical institute for day 
students. The night school under its own administration may 
profitably use the same equipment and to some degree the same 
instructors, the day students and their activities being well out of 


- the way. 











CLINICAL TREATMENT OF MALADJUSTED COLLEGE 
STUDENTS * 


By GLEN U. CLEETON 


Carnegie Institute of Technology 


In dealing with scholastic deficiency cases in institutions of 
higher. learning it is common practice for a committee of the faculty 
to serve as a jury to pass judgment on offenders. Opinions of- 
fered by members of these quasi-jury bodies to explain poor quality 
of work include such alleged causes of scholastic failure as: Lack 
of ability, distracting interests, faulty attitude, pressure of outside 
work, misdirection of talents, illness, poor secondary preparation, 
laziness and other personality defects, dishonesty and other moral 
weaknesses. 

Among the typical sentences meted out to violators of the scholas- 
tie code are found such penalties as: Repeat courses, official warn- 
ing, probation, suspension, elimination or expulsion. 

The fault to be found with typical faculty opinions of causes for 
student failures is that they are good reasons which help to explain 
a general condition but they are not always the real reasons for fail- 
ure in individual cases. Such opinions are often rationalizations, 
that is, they are easily expressed conventional explanations which 
give undue consideration to surface indications. Such opinions 
usually place responsibilities elsewhere than with institutional 
faculties. This characteristic alone suggests that the real cause of 
failure is often concealed. The extent to which such rationaliza- 
tions permeate faculty thinking may be observed by reviewing the 
eauses for failure stressed in Bulletin Number 2 of the Investiga- 
tion of Engineering Education published by the S. P. E. E. in 
1926. 

The fault to be found with typical faculty actions taken in dis- 
position of scholastic problem eases is that they place added emo- 
tional burdens on an already bewildered mind. Scholastic failures 
offer a challenge to college faculties; a challenge which can be met 
better by careful investigation and remedial action than by sub- 
jective opinion and punitive action. In all higher education we are 
being unduly influenced by administrative and disciplinary points 
of view. While it is impossible to escape entirely these viewpoints, 

* Presented at Conference on Pre-College Guidance and Orientation of 
Freshmen at Cornell meeting, 8. P. E. E., June 20, 1934, 
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many institutions are substituting clinical methods for legalistic 

methods in dealing with maladjusted students. The clinical ap- 

proach substitutes extensive objective analysis for snap judgment 
and replaces court sentences with remedial treatment. 

Clinical analysis and treatment should begin as soon as evidence 
of weakness or difficulty becomes available. Such evidence can be 
secured early in the school year if it is desired. In most institu- 
tions it is now the custom to administer intelligence examinations 
to incoming freshmen at or near the time of admission. The re- 
sults of these tests provide evidence of potential strength or weak- 
ness. The extent to which scholastic success or failure can be 
anticipated by using the results of such tests is shown by the 
following ratios based on comparisons of scores on the Carnegie 
Mental Ability Examination with scholastic standing for 2,000 
college freshmen during the period 1926 to 1932: 

a. Of those in the 90th to 99th percentile range of examination 
seores the ratio of those rating average or above in scholar- 
ship to those falling below was found to be 5 to 1. 

b. Of those in the 75th to 89th percentile range the ratio is 3 to 1. 

c. Of those in the 50th to 74th percentile range the ratio is 2 to 1. 
The ratio of failures to ‘‘A’’ scholarship ratings for this 
group is 5 to 1. 

d. Of those in the 25th to 49th percentile range the ratio of those 
rating below average is 1 to 3. The ratio of failures to ‘‘A’”’ 
scholarship ratings is 10 to 1. 

e. Of those in the 10th to 24th percentile range the ratio of average 
or above to below average is 1 to 5. Only 1 student in 100 
rates ‘‘B’’ or above in scholarship in this group. 

f. Of those in the 1st to 9th percentile range only 1 student in 10 
rates average in scholarship and none averages ‘‘B’’ or above. 
(Houghton Mifflin Co. Boston—Carnegie Mental Ability 
Exam.) 

It is suggested here that clinical study of those students whose 
test scores fall among the lowest tenth be undertaken as soon as 
test results are available (regardless of the examination used) and 
that such analyses be continued until the lowest quarter of the 
class has been individually studied. In making this reeommenda- 
tion the position is taken that intelligence examination scores are 
symptomatic rather than conclusive evidence of lack of basic abil- 
ity. In our studies of low intelligence test scores we have found 


-numerous contributing factors which in turn are related to scholas- 


tic performance. For example, intelligence test scores may be in- 
fluenced by attitude, reading skill, emotional conflict, nervousness 
under stress, ability to sustain attention, physical resistance, and 
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use of English as a mother tongue. These may in turn influence 

class work and are subject to clinical analysis and treatment. 

The clinical value of intelligence examinations can be increased 
by the use of part scores on various types of materials contained in 
the examination. The examination now in use at Carnegie Insti- 
tute of Technology can be scored to show ability to deal with 
words, ability to deal with numbers, and breadth of general knowl- 
edge. Two years ago we began an experiment to determine the 
usefulness of achievement tests in reading, English construction, 
mathematics, physical science, social science, and foreign languages. 

Results of this experiment show that weaknesses in specific sub- 
ject matter fields can also be determined at the time of college en- 
trance. The tests used in this experiment are contained in the 
Carnegie High School Achievement Examination prepared by Dr. 
L. F. Shaffer in codperation with the author. (Published at Car- 
negie Institute of Technology.) 

All scholastic difficulty cases do not rate low on intelligence 
' examinations. This is clearly shown by the ratios presented above. 
Individuals whose intelligence ratings are good but whose scholar- 
ship ratings are poor will come into evidence at each period for 
reporting marks. There is less reason to suspect lack of ability 
in such eases. Here, as with test ratings, the marks assigned should 
be considered as points of departure in seeking to uncover sources 
of maladjustment which may be brought to light by clinical study. 

It is impossible within the scope of this paper to describe clini- 
eal methods in relation to all of the elements contributing to failure 
in college. Brief discussion of typical approaches to the general 
problem must suffice. 

Deficiencies in reading skill are prolific sources of difficulty in 
efforts of college students to master the subject matter of courses. 
Considering that about ninety per cent of college study involves 
reading skill, the following findings of investigations relating to 
the reading abilities of college students are extremely impressive: 
a. About one-fourth of college students read less effectively than 

the average eighth grade pupil. 

b. The best readers among a group of college students were found 
to have a performance score in reading speed and compre- 
hension equal to about one-half optimum capacity. (Re- 
ported by E. M. Anderson in monograph on ‘“‘ Individual 
Differences in Reading Ability of College Students.’’ Uni- 
versity of Missouri, 1928.) 

c. Some college students are able to comprehend as little as 20 
per cent of descriptive material presented in standard col- 
lege textbooks. (Ibid.) 
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d, An investigation conducted by Dr. R. G. Simpson and the writer 
showed that the best among a group of college students were 
five times as efficient in reading as the poorest members of 
the group. 

Clinical study of reading deficiency cases have shown that diffi- 
culties are traceable to-such causes as: 

a. Faulty habits in scanning the printed page, many of which date 
back to the early years in grade school. These faults can be 
detected by the use of devices for analyzing forward and 
regressive eye movements, pauses, and fixations in reading. 

b. Defects of vision. 

c. Limited vocabulary—vague and erroneous concepts as well as 
lack of familiarity—-comprehensive vocabulary of less than 
20,000 words. 

d. Inability to analyse for meaning—lack of judgment in selecting 
key words and topic sentences. 

e. Speaking vocabulary extremely limited or existing in a foreign 
tongue. 

f. Inability to adapt reading procedure to various types of mate- 
rials. 

g. Unnecessary motor coordinations such as scowling, swaying of 
body, swinging head, lip movement, and the like showing 
nervous tension and irradiation of nervous impulses causing 
the reader to carry an unnecessary energy load. 

h. Deliberate slowing down of reading speed based on the fallacious 
belief that slow reading contributes to better comprehen- 
sion—test speed less than 225 words per minute is critical. 

i. Word by word, sometimes letter by letter reading, instead of 
word group spanning. 

j. Thinking backward instead of thinking forward in trying to 
comprehend ; pondering rather than anticipating the thought 
presented. 

k. Lack of motive or purpose in reading. 

l. What may be termed, for want of better designation, ‘‘idea- 
barrenness’’; an outgrowth of sparse reading. 

m. Occasional cases of word aphasia and word confusion. 

Many of the reading faults suggested above can be corrected 
by conscious effort on the part of the student once the shortcoming 
is brought to his attention. Those relating to physical habits and 
defects require clinical treatment. Special practice exercises can 
be prescribed for special cases requiring improvement in speed and 


‘comprehension. Most of these exercises can be self-directed. 


Just as reading deficiencies contribute to poor scholastic per- 
formance in a wide range of courses so does lack of proficiency in 
simple arithmetic interfere with thé mastery of many engineering 
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subjects. Analysis and treatment of arithmetical deficiencies 
follow the same general pattern as that suggested for reading. 
Adequate test devices are available in both fields. 

Study habits lie at the base of numerous college failures. It is 
erroneous to assume that students will discover for themselves the 
most effective methods of study. Many schools have found it 
profitable to give group instruction to all or selected members of 
the freshman class. Commonplace topics treated in such courses 
give a fair idea of the very simple things overlooked or not under- 
stood by the modern student. Among these we find such topics as 
economy of effort in learning, distribution of attention, how to take 
notes, how to use the library, how to prepare for examinations, how 
to budget time, and procedures in reasoning. Simple as these may 
seem, clinical analysis reveals many crude solutions of problems 
of study. 

To solve difficulties arising out of differences in basic ability 
three main approaches appear to cover a wide variety of experi- 
ments. These are: coaching or tutoring, varying student loads, 
and ability grouping. The first two mentioned have met with rea- 
sonable degrees of success. Ability grouping has not produced re- 
sults in keeping with claims of proponents of this procedure. It is 
the opinion of the writer that ability grouping must be accompanied 
by modifications of instructional methods to produce satisfactory 
results. In general, it is safe to say that such variations in methods 
of teaching have seldom been made. The basic principle of ability 
grouping, therefore, has not been adequately tested. Properly ad- 
ministered, ability grouping should prove satisfactory. 

Emotional difficulties furnish a wide variety of clinical prob- 
lems. Such emotional difficulties frequently present in the lives 
of college students include complicated environmental attachments. 
Emotional reaction patterns are distinctly individual and person- 
ally biased. Each case presents a slightly different pattern although 
many center around a general complex. Points of departure in 
disturbing emotional maladjustments include the following: 


a. Homesickness. 

b. Emotional immaturity. 

. Feelings of inferiority. 

. Disillusionment. 

. Phobias and superstitions. 

. Conflicts relating to family life. 

. Conflicts relating to financial difficulties. 

. Conflicts relating to religious and moral problems. 
Conflicts relating to sex problems and love experiences. 
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Diagnosis and treatment of emotional conflicts are closely re- 
lated. The initial step in analysis is that of drawing out the story 
of the difficulty from the subject. This may involve procedures 
ranging from sympathetic listening to the use of psycho-analytic 
probing accompanied by adroit cross examining. Disposition of 
such cases may involve little more than the recommendation of 
books to read or the suggestion of social and recreational activities. 
If the emotional complex has been completely revealed and the sub- 
ject’s confidence has been gained, sympathetic advice may prove 
helpful. Criticism is usually harmful. Occasional cases will re- 
quire the services of a psychiatrist. 

It has not been the purpose of this paper to set up a program 
for clinical analysis and treatment of scholastic failures. Instead 
the object has been to point out the types of problems and pro- 
cedures involved. Even a brief study of college maladjustment 
cases reveals a need for greater individual diagnosis and follow-up 
than is now usually practiced. Much of the work now done is 
cursory and decentralized. The problems involved appear to be 
of sufficient importance to justify the steps taken by a few far- 
sighted institutions toward the establishment of departments to 
deal with student personnel. problems. 











CONFERENCE ON LABORATORY PROCEDURE IN 
TEACHING MACHINE PRODUCTION * 


THE USE OF A LABORATORY IN TEACHING TIME AND MOTION 
STUDY 


By J. 0. P. HUMMEL 


Instructor in Industrial Engineering, Pennsylvania State College 


The general subject of this seminar has been announced as: 
‘‘The Place of the Laboratory in the Study of the Relationship of 
the Industrial Worker to the Tools and Machines which He Uses— 
Particularly With Regard to Time and Motion Study.’’ We may 
approach this topic with the idea in mind of a laboratory in a 
plant or industrial establishment, in a research organization, or in 
an educational institution. 

Within a plant or industrial establishment, there are at least 
two possible ideas of what may be thought of as a laboratory. 


1. A room distinctly set apart from the production shop. 

2. Some part of the shop itself which may be considered to be a 
temporary laboratory during the time that intensive study 
is being made of a piece of equipment or work place which 
cannot be moved conveniently or established in a separate 


room. 


Having a time and motion study laboratory of either sort, we 
may study the relationship of an industrial worker to the machine 
or machines which he is operating. Or, we may study him with 
regard to a work place at which he uses tools and fixtures for pur- 
poses of altering materials, assembling parts, or inspecting parts. 
In all of this, the objectives should be the best possible arrangement 
of equipment, and the design of tools and equipment, so that work 
may be done with the least expenditure of energy, in the least 
time, and at a minimum cost. Undoubtedly there are many other 
considerations, in addition to those just mentioned, which are 
logieally a part of this subject. 

Even though our chief concern is the teaching of this subject, it 
seems to me that it might be desirable to consider the field from 
many angles in our discussion in order to best appraise problems 
of instruction. 

* Held at Cornell meeting, 8S. P. E. E., June 21, 1934. 
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A course in time and motion study has been offered at the 
Pennsylvania State College for a number of years. It was started 
in 1909 shortly after the organization of the department of Indus- 
trial Engineering. For some time, it was a one credit course. 
Little attention was given to micro-motion study. Several years 
ago, micro-motion equipment including a camera, projector, lamps, 
sereens, and small hand cranking projectors were secured. Follow- 
ing that the course content was increased to make it worth two 
credits. To-day the desirability of further increasing this to three 
credits is evident. 

With the course as established at present, there are four hours 
of recitation and laboratory classes a week. It has been found ad- 
visable to schedule the work during two two-hour periods each 
week. In this way, projects may be worked on without interrup- 
tion for fairly long periods of time. Much of the work is problems 
and practice. This is supplemented by the study of text material 
and current magazine articles. Classes are limited to 10 or 12 
men in order to give individual attention to each man, and also to 
make possible undivided use of equipment. Normally, the course 
is taken during the Junior year. 

Definite objectives are helpful in planning a course in time and 
motion study. What can we hope to accomplish? Probably no 
student, who has completed the time study course, is a fully trained 
man ready to take over complete time study responsibility. How- 
ever, such a student should have a good understanding of the field 
and what is included in it. He should be aware of the relationships 
that exist between time study and other branches of industrial 
engineering such as budgeting, cost accounting, plant planning and 
layout, production control, inspection, and industrial relations. He 
needs to have a reasonably good understanding of the varied uses 
of time study data. Many of these are in connection with the 
branches of industrial engineering just mentioned. Then the stu- 
dent, I believe, ought to have acquired good acquaintanceship with 
the several methods or techniques of time study. By that I mean 
that we want him to be able to read a stop watch accurately in 
making an ordinary study even though he might have difficulty in 
observing accurately a series of rapidly performed operations. The 
student should have had the experience of analyzing a film to 
determine motion elements in order to be able to think in terms of 
motion economy principles when observing many kinds of work. 

If a time and motion study course helps to.develop the pro- 


- ficiencies of students to get at the facts of a practical problem, 


study these facts and carry through to a logical and complete solu- 
tion, its value is established. Therefore an objective of major im- 
portance is the offering of stimulating problems in order that ana- 
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lytical abilities in attacking such problems may be strengthened. 
Also we should like to feel that upon completion of the course the 
student has developed some discrimination in the selection of the 
method of time study best suited to a particular problem. He 
should be able to decide the degree of refinement in time and mo- 
tion study needed for each type of work. 

To sum up, what we hope to accomplish in a time and motion 
study course is the fixing of a general viewpoint of time and mo- 
tion study in the minds of the students, what it is, what methods 
may be used in connection with it, how time study problems may 
be analyzed, and finally when it is desirable to use each of the sev- 
eral procedures. What part does a laboratory play in all of this? 
We believe it to be of vital importance in making the work real 
and practical in the minds of the students. 

Time and motion study may be broken up into three main 
divisions. They are: (1) Process Charts; (2) Motion Study; (3) 
Time Study. In teaching we follow these divisions in the order 
given. 

The Process Chart, as you know, is a graphical means of por- 
traying a sequence of operations of some sort or other. In order 
to have a basis for understanding many industrial and business 
problems, it is extremely desirable to know definitely what things 
are done and in what order. The Process Chart is a means of 
placing such facts on paper. It may be applied to a series of 
operations to be performed in various parts of the- world, in a 
plant, in a portion of a plant, or simply at a work place. Fre- 
quently the Process Chart may be used to show the relationship of 
work preceding and following that work which is being intensively 
studied. Time scales and/or distance scales may or may not be 
made a part of the chart as desired. 

In time and motion study, one of the first things which must be 
known is what operations are performed, and then what operations 
should be performed in doing the work in the best possible way 
at the moment. Both of these things can be represented with Proc- 
ess Charts. Consequently Process Charts provide a good introduc- 
tion to time and motion study. 

Students have used the college shops as laboratories to secure 
practice in the making of Process Charts. For instance, in the 
wood shop, Flow Charts are made of all the steps in the manu- 
facture of such articles as a bookcase, chair, or table. Clerical 
routines such as the procedure in registering for courses of study 
may be used. Even the steps in fraternity rushing may be taken 
as the basis for a Process Chart. 

Methods of doing work usually need to be improved and stand- 
ardized before a time standard which is of any value may be se- 
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cured. Motion study and micro-motion study are used in order 
that the standardized methods may be the best which can be at- 
tained with due regard to time and effort, and the cost involved. 
In attaining these, the essential steps are: 


1. A careful study of existing methods, 
2. Thorough development of improved methods, 


3. Teaching of improved methods, 
4. Standardizing of improved methods. 


Consequently, we follow up Process Charts with the consideration 
of motion study and micro-motion study. Practice of a laboratory 
nature is basically important in this. 

Things which must be considered to attain motion economy are 
studied and discussed. Various techniques of micro-motion study 
are brought out. Films of the solutions of past student micro- 
motion projects are shown as preliminary laboratory work. Some 
brief part of one of these films is analyzed and broken down into 
therbligs or motion elements. A short ‘‘Simo-chart’’ of the mo- 
tion elements is then made by each student. These things are done 
in order that students may approach their laboratory work with 
knowledge of methods and ends to be reached. 

After thorough study and discussion of motion study principles 
in class, a project is assigned to the students. In the past, this has 
been some small article consisting of a number of assembled parts. 
Usually the elass is divided into two or three groups with three or 
four men in each group. In this way several solutions may be pre- 
sented. Also competition is stimulated between the groups. It is 
the problem of each group to design, and to a large extent, make 
the holding fixtures and bins which will insure the best possible 
method which can be worked out of assembling the article under 
consideration. The project is carried on throughout the term 
paralleling other work. The use of the wood shop and the machine 
shop is made available. Materials needed in making fixtures are 
supplied. In some cases, parts for fixtures which are difficult to 
make are requisitioned and manufactured by shop employees. The 
fact that students are ordinarily expected to make their own fix- 
tures induces simplicity of design which I believe is usually de- 
sirable. 

Regular dates for the completion of sketched designs and fix- 
tures are so established that fixtures will be due to be completed a 
period or two before the time set for the picture to be filmed. 

Last term we used spark plugs as a project. Two assembly 
solutions were made. In one, a block with two well-spaced six- 
sided holes to grip the spark plugs was employed. Bins were 
placed in a semi-circle within the working area. Spark plugs were 
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built up using both hands and the holding fixture. The other solu- 
tion was more ingenious. In this case, the intention was also to 
assemble two plugs at once, but the complexity of the fixture and 
lack of time made it necessary to demonstrate its feasibility with 
only one assembly block. 

During the first term of last year, we used as a problem a small 
bakelite siren whistle made up of five parts. In this case, we were 
fortunate in being able to compare our methods with those of the 
manufacturer since one of our Industrial Engineering graduates 
of the previous year was employed as a manufacturing engineer 
with the firm producing the whistles. It was gratifying to learn 
from him, on a visit to the Department, that the student solutions 
were very similar to methods actually in use by the manufacturer. 

Other problems have been a number of small electrical fixtures 
and sockets, electrical switches, fuse boxes, toy autos, bicycle bells, 
and hand drills. The assembly of the hand drill was the most 
difficult problem attempted thus far. In order to place three small 
jaws within a chuck, an electro-magnet operated by a dry cell 
battery was used. Similar ingenuity was required for other parts 
of the assembly. 

Later in the term, when fixtures have been completed, students 
choose one of their number to be operator, another to be camera 
man, a third to be in charge of lights, and so forth. The fixtures, 
bins and micro-chronometer are set up in the classroom laboratory. 
Spot lights are tried at various angles until what seems to be good 
lighting of the operator, parts, and fixtures is secured. The same 
sort of experimenting is done with the placing of the camera until 
all operations can be seen clearly through the finder. Then a mo- 
tion picture is taken of the operator ‘‘hard at it.’’ Several cycles 
are usually filmed. I wish to emphasize the point that throughout 
all of this, the students do the work, the instructor merely being on 
hand to explain the use of the equipment, and very occasionally 
drop a hint when it seems to be necessary. 

At this stage, there is a delay during the time that the film is 
being developed. A week or ten days’is required. Periods during 
this interval may be used to continue work which was being carried 
on paralleling the making of the fixtures. At this point in the class 
schedule, this work is the development of time study” formulas 
which will be discussed subsequently. 

Working together, and using small hand-operated projectors 
and small sereens, the students analyze one cycle. The film is run 
through the projector, frame by frame, and a record made of each 
fundamental motion or therblig. A record is also made of the 
class of motion, whether, (1) finger, (2) finger and wrist, (3) 
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finger, wrist and forearm, (4) finger, wrist, forearm and upper 
arm, (5) motions which include the body. 

In order to divide this portion of the work, and give each man 
an opportunity to take part in the film analysis, a group of three 
work on one part of the cycle, giving way to another group after 
a portion of the cycle has been analyzed. Three men can work 
advantageously at this, one operating the projector, the second 
analyzing the right hand, and the third analyzing the left hand. 

When analysis has been completed in the laboratory, each man 
uses these data to make a Simultaneous Motion Cycle Chart or 
‘‘Simo-ehart.’’ The final step is a report accompanying the 
‘*Simo-chart.’’ This is the result of a critical study of the chart. 
What parts of the assembly seem to be poorly done? As a result of 
eareful study of the film and ‘‘Simo-chart,’’ how might the assem- 
bly method be further improved ? 

Do we place undue emphasis in our course upon micro-motion 
study? I think not. It must be admitted that the practical use- 
fulness of the complete technique of micro-motion study, including 
the careful taking of motion pictures and the analysis of films 
seems to be somewhat limited. This technique may be used most 
advantageously in cases in which many units of the product under 
consideration are being manufactured, or when motions are so 
rapid that they cannot be observed in any other way. 

Nevertheless micro-motion is exceedingly valuable in shop or 
school. I believe that the time study man or student secures some- 
thing through a careful study of this division of time and motion 
study which he may apply to any work without, in most cases, the 
use of micro-motion equipment. He becomes ‘‘motion-minded.’’ 
He is better able to recognize, through observation, motions which 
are undesirable or unnecessary, and to apply motion study prin- 
ciples towards securing the best possible method of doing any 
piece of work. He can apply these principles in connection with 
the study of materials, small tools, holding devices, working areas, 
and sequences of operations in order to secure the most economical 
balance of all of these and perhaps other factors. . 

While the design and the making of holding fixtures is being 
carried forward, attention is concentrated principally on the 
methods of time study. Having been made aware of the need for 
improving and standardizing conditions, students are brought to 
the next stage, the taking of time studies. It is emphasized in 
teaching that in most cases the practical method of securing a time 
standard is through the use of a stop watch. 

As a preliminary step, students are given studies, which have 
already been made, to calculate. The purpose of this is to acquaint 
the student with the data found on a time study sheet. He is made 
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familiar with the use of time study readings before he. actually 
goes out to secure such readings. 

The first time study is made in the classroom laboratory. It 
consists of the assembly by the instructor of some small article 
such as a toy auto, fuse box, or electrical fixture. To offset early 
unfamiliarity with the reading of the stop watch, it has been found 
desirable to depart somewhat from normal procedure in the assem- 
bly of such parts, and rap the table with the part at the end of 
each elemental operation. This helps in making an easy introduc- 
tion to the taking of a study. Having made the study, the student 
calculates the standard time. 

The next step in becoming familiar with the making of time 
studies is the use of film loops. This is a particularly good method 
since control lies in the hands of the instructor. The loops may be 
run continuously through the projector, making as many cycles as 
are desired. The speed at which a loop travels, and at which opera- 
tions appear to be performed, may be varied. However, since the 
study is an initial one, we usually keep the loop running at a uni- 
form speed. For each loop, we have a number of curves plotted 
between time for each elemental operation and overall time for a 
cycle. Thus it is possible to check the student for accuracy in 
recording readings by timing one cycle with a stop watch while 
the loop is running. One or more of these film loops may be used 
for practice studies. The calculation of studies, and the derivation 
of standard times is a desirable sequel to the taking of the studies. 

Time study activity is next transferred to the college shops. 
Here the student may make time studies under conditions similar 
to those to be found in industry. At first, elemental operations are 
carefully determined, and laid out on the time study sheet before 
watch readings are made. The initial studies in the shops are 
limited to the securing of each piece times. Subsequent studies 
are taken to include both the preparation or set up and each piece 
times. In the taking of such time studies, it is necessary for the 
student both to determine and to list elemental operations as well 
as to make watch readings while the work is being performed. 
As may be supposed, students cannot become proficient in taking 
time studies of this sort in the limited time available. However, 
some of them do remarkably well, and all are made aware of the 
fact that frequently time studies must be taken on the spot without 
preliminaries. Of course the student should be generally informed 
about the work before the study is taken. The man in an indus- 
trial organization who takes such studies usually is thoroughly 
familiar with the type of work having undoubtedly worked with 
methods and equipment relating to the job. 

Quite a variety of time study problems are available in a col- 
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lege. It.is desirable to use unique problems in illustrating the wide- 
spread usefulness and many possible applications of time study. 
We have studied work incident to the manufacture of various kinds 
of furniture and work done on the machines in the wood shop. 
Other problems are to be found in the machine shop, forge, and 
foundry. In addition, studies of the ditto and mimeograph 
machines make excellent problems. The mimeograph machine is 
particularly adaptable because: 


1. The fact that time study is applicable to many kinds of work 
including clerical jobs is demonstrated. 

2. A partial set up is necessary. That is, there are certain prepara- 
tion operations which must be performed only once for an 
order regardless of the number of pages and regardless of 
the number of sheets of each page printed. In addition 
there are certain preparation operations which must be per- 
formed for each page stencil. 


Logically following practice in the taking of time studies of all 
kinds is the introduction of means of applying time study data to 
different uses. Among these are instruction sheets, standard data 
sheets and time study formulas. 

Standard data and particularly formulas make possible the 
extension of the usefulness of time study to many sorts of work. 
They greatly reduce the need for repetition in taking time studies. 
Accurate and consistent times may be established from formulas 
much more quickly than directly by time study. 

Considerable time is spent and emphasis placed upon the de- 
velopment of formulas. In the first problem, we supply the stu- 
dent with the results of the number of studies summarized on one 
large master sheet. With this information supplied to him, he 
proceeds to derive a formula, and prepare a proper formula re- 
port. In the next problem, the students secure all studies and work 
through all steps. As our chief formula problem, we have used 
one on the making of green sand cores. We have our own core 
boxes as permanent time study teaching equipment. Diameters, 
lengths, and volumes are within certain definite ranges. Men work 
in teams in making the studies. One member of a team acts as 
core maker while the other takes a time study. After a sufficient 
number of cores have been studied, members of the team change 
places. Using a core box of another size, a second time study is 
secured. In this way, a group may secure as many studies as there 
are members of the class during one period. This method has the 
advantage that men observe the work, and secure their own studies. 
It has the disadvantage that inasmuch as students are far from 
being skilled coremakers, times are likely to be inconsistent. This 
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may tend to make students feel that time study formulas are little 
more than approximations, an attitude which would not be likely 
to be present if results of the studies of skilled men were used. I 
believe that one solution to this problem is to go through the pro- 
cedure of taking studies, and then substitute studies of skilled men 
who worked on the same cores. 

To close, may I suggest the desirability of securing products 
which present real problems in industry, and about which something 
can be known. I think that many companies might be willing to 
codperate with colleges in this to the extent of supplying enough 
of a particular product to serve in the laboratory solution. For 
completeness, they might also be willing to report the manufac- 
turing procedure being used. In return a class could supply the 
coéperating company with a record of its solution. It is quite pos- 
sible that this would contain valuable new ideas. With the report 
of methods actually used in the company withheld until after the 
completion of the student solution, its presentation to them and 
comparison with their solutions would be invaluable. 


LABORATORY PROCEDURE IN TEACHING MACHINE 
PRODUCTION 


A Consideration of the Aims and Purposes, and of the Value and Costs 
of This Work, Its Place and Relations in the Curriculum 


By C. H. CASBERG 


Professor of Mechanical Engineering, University of Illinois 


Those who have been interested in the administration or teach- 
ing of Shop Laboratory courses during the past decade, and have 
taken an interest in the work of the S. P. E. E., -will recall the two 
fine papers published in the JourNAL: ‘‘ Purpose and Seope of Shop 
Courses,’’ by Prof. O. W. Boston of the University of Michigan, and 
‘*A Study of Some of the Phases of Shop Work as Part of Profes- 
sional Engineering,’’ by Prof. R. L. Sweigert of the Georgia School 
of Technology. Both of these writers sent our questionnaires to 
various engineering colleges to secure information for their papers 
and their statements regarding the aims and purposes of Shop Lab- 
oratory courses are of interest. 

Quoting from Professor Boston’s paper: ‘‘The general purpose 
of shop courses is, then, to acquaint the student first-hand with ma- 
terials, the technique of working them, and the economic phases of 
production.’’ 

Quoting from Professor Sweigert’s paper: ‘‘The following 
should be shop purposes for all courses giving shop unless excepted : 
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a. To give a knowledge of materials. 
b. To give a practical knowledge of design. 
c. To give a knowledge of production and manufacturing. 


” 


From the above, it is evident that these two writers agreed as to 
the principal purposes and aims of shop laboratory courses, and 
that one of the principal aims is to give a knowledge of production 
and manufacturing. 

Stated in a slightly different manner, the aims and purposes of 
a machine production laboratory course are to give the engineering 
student a knowledge of the economic phases of machine production 
together with the technical knowledge of materials, tools, machines 
and processes. A machine production laboratory can be of great 
aid in carrying out the above objectives. The procedure of the lab- 
oratory should be based as much as possible upon machine produc- 
tion as it occurs in industry. 

To illustrate what is meant the procedure used at the University 
of Illinois will be briefly described. An elementary and advanced 
course are offered. Both are three credit hour courses having three 
hour periods and meeting twice a week. The elementary course is 
required of Electrical, General, and Mechanical Engineering stu- 
dents. The elementary course is a machine production course, but 
some experiments and tool design have been introduced into the ad- 
vanced course. There may be a difference of opinion as to whether 
these experiments relate directly to machine production. 

The first hour of each period is used for quizzes, lectures and 
demonstrations. The text book used is written by our instructors. 
The lectures cover the machinery, tools and materials used in 
machine production. The newer processes such as die casting and 
plastic molding are described. Slides to illustrate the processes, 
have been secured from manufacturers of these newer products 
and help the student considerably to understand the processes and 
their economical advantages. 

The product of the Shop Laboratories for the elementary course 
is an 8 H.P., 4 cycle marine type gas engine and we have the tools, 
jigs, fixtures, and instruction ecards for each operation. 

The students are assigned to jobs by the instructors. The job 
and operation number appear on the card and the student gets the 
instruction card from a rack made for storing the instruction cards. 
To save time, all the tools for each operation are stored in the tool 
room in a tool box and when the student is ready to work, they are 
given him by the toolroom attendant. He punches the time on the 
time clock to record the starting time, then sets up the job. When 
the set-up is made, he secures the approval of the instructor, 
punches out—which records the set-up time—then punches in again 
to show when he actually began work on the operation. When the 
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student completes the operation, he punches out to record the time 
at which the job is finished. 

The student then takes the job and his card to the inspection 
room where an instructor inspects the job for dimensions and finish. 
The student is given a grade for his job which is recorded on the 
eard. The work is graded on the basis of time and workmanship. 
When a drill jig is used and when practically no skill is required, 
the grading is based almost entirely on the time. 

In order that the student may not be assigned similar machining 
operations, a record is kept of the type of machining operations the 
student has done. This insures that the student is assigned work 
on all the machine tools in the laboratory. 

The instruction cards are a very important part of the pro- 
eedure. They are valuable instructional aids and they make the 
student less dependent upon the instructor. In addition the in- 
struction card has a great deal to do with developing the vocabulary 
of the student. 

This procedure has its advantages. The student produces parts 
of a gas engine that can actually be used. He uses machine tools, 
jigs and fixtures, and the element of time which is important is im- 
pressed on his mind. He is actually engaged in machine produc- 
tion. 

The disadvantages of this laboratory procedure of teaching 
machine production is the time required in designing jigs, fixtures 
and tools and the expense involved in their manufacture. There is 
also considerable time required of the instructors to see that the 
tools are kept in good repair and to take care of other numerous de- 
tails such as keeping the instruction cards up to date and seeing 
that the castings and other materials are on hand. 

In the advanced course about one-third of the laboratory time is 
spent in the drafting room on tool design, one-third upon machine 
tool experiments and the remaining third upon a product which the 
student selects from several for which we have the drawings and 
tools. 

In the drafting room the student designs tools, jigs, or fixtures 
for producing the products of the laboratory. These production 
tools are made by our university mechanicians and occasionally by 
the students themselves. 

The laboratory is equipped with a lathe dynamometer, a drill 
press dynamometer, and a recording wattmeter. This equipment is 
used in experiments to show the effect of tool grinding and design 
upon the power consumption. 

We have drawings, tools and castings for a small bench vise, 
4 H.P. electric motor, a one inch bore, two cycle, gasoline engine, 
a small band saw, a small wood lathe, and small bench grinder. 
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The student selects one of these products and is required to write 
his own instruction sheet and estimate the time for each part before 
machining is started. The sheet is corrected and graded by the in- 
structor before the student is allowed to start machining and the 
part is inspected and graded when completed. These products are 
things that the students have a desire to own and the product be- 
comes their property if they will pay the University for the cost of 
the material. 

To show that there is a large percentage of engineering gradu- 
ates that may have use for a knowledge of machine production, I 
should like to refer you to Table 5 taken from an article written by 
Mr. Donald S. Bridgman. 


TABLE 5 


Business OR PROFESSIONS, 
ENGINEERING GRADUATES OF 4 LAND GRANT COLLEGES, 
BY Type oF CoLLEGE TRAINING 


(Taken from S. P. E. E. Journat, June 1932, Paper by Donald S. Bridgman, 
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Percentages of Total 

Manufacturing............. 26.0 44.3 13.8 28.9 28.4 
Government............... 3.8 3.9 18.4 8.2 8.3 
Light, power and gas....... 18.1 5.1 4.3 3.2 7.3 
Constr. and Contract....... 4.8 3.6 19.3 4.2 7.1 
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It can be seen from Table 5 that of 332 Mechanical Engineering 
students of four land grant colleges, 44.3 per cent were engaged in 
manufacturing, and that a larger per cent Electrical Engineering 
graduates were engaged in manufacturing than in any other field. 
The Civil Engineering graduates had a large per cent and ‘‘other 
engineering graduates’’ had 28.9 per cent engaged in manufactur- 
ing and the second larger group, 8.3 per cent, were in government 
positions. 

Since such a large percentage of engineering graduates are en- 
gaged in manufacturing and since it is much easier to teach such 
phases of machine production as rate setting, planning, routing, 
scheduling and dispatching in the laboratory, it seems that if any 
laboratory should have the support of the faculty and industry, it 
should be the machine production laboratory. But from the in- 
formation gathered by Professor Sweigart, the production shop or 
laboratory was not popular. 

Quoting from Professor Sweigert’s paper, ‘‘The only shop which 
appears in universal disfavor is the production shop. The reasons 
for this are undoubtedly the expense and the difficulty in giving 
such a shop. This type of shop to be effective, requires a much 
higher type and broader vision than the average shop instructor 
seems to have. However, with proper material and organization 
the features of production can aptly be illustrated in the various 
shops where desirable.’’ 

There seems to be no good reason at present for any institution 
to be offering for its engineering students the old traditional shop 
courses in which skill or manual training is one of the principal 
aims and purposes. Some institutions continued offering such 
courses after the administrators were fully convinced that such 
courses were not of college grade. One reason for not changing 
was due to the fact that it was common practice in years past to 
hire journeymen machinists, pattern makers, and moulders to teach 
the so-called shop courses and some of these men were still on the 
staff and not thought capable of teaching machine production. 
Possibly a few of these men were not capable of teaching a machine 
production course but some of these men have made good as instruc- 
tors of such courses, and perhaps the administrators lacked the vi- 
sion and enthusiasm to change the type of instruction. Professor 
Sweigert in his paper, says that all shop instructors should be tech- 
nically trained engineering graduates with two or more years of in- 
dustrial experience, and if possible good mechanics, but not neces- 
sarily journeymen and requires a man of higher caliber than in 
academic work. 

We all know that the success of any course depends almost en- 
tirely on the instructor and the work of the instructor depends a 
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great deal upon the encouragement and supervision he receives. 
There is no doubt that there could be a great deal done to improve 
laboratory procedure in teaching machine production without in- 
creased expense if the instructor is given the proper encouragement 
to work, for in addition to vision the instructor will have to do a 
great deal more work if the production type laboratory is to be used. 

Professor Boston’s paper was read at the summer school for En- 
gineering Teachers at Purdue University, July 1, 1929, which per- 
haps indicates that administrators were already thinking whether 
or not they could defend the expense involved in offering shop lab- 
oratory courses. 

Table 8 of Professor Boston’s paper shows the cost of instruc- 
tion was over $18.00 per student credit hour in two well known uni- 
versities, and if Professor Boston could have obtained information 
from other universities, it is quite possible that a few other institu- 
tions would have reported instructional cost per student credit hour 
of $18.00 or more. 

TABLE 8 


Costs or InstrucTION BAsED ON StupENT CreEpDIT Hours 
(Taken from Professor Boston’s Paper) 




















Total Salaries and Wages over Total Student Credit Hours 
Collage Salaries Student Cost per 
and Credit Student Credit 
Wages Hours Hour 
I Shika ein tions a Sesia oe OS $22,150 1,895 $11.68 
I oS ooo w ic ceces'eta 9,350 574 16.30 
MNS GS eos oye ewleran 28,100 1,536 18.29 
Re pares 21,100 2,851 7.40 
RET 7,400 1,388 5.33 
MI Sk ia chc ov puicGaes 6.93 
MN oc e iiss wie oe ow es 23,320.57 1,207 18.49 











If the product to be manufactured in the laboratory or shop is 
carefully chosen the cost of operating a production laboratory need 
not be more than the old traditional shop course. The product 
should be small, so as to keep down the cost of the materials, but it 
should be such that most of the present equipment in the shop could 
be used to produce it, so that the students can have the opportunity 
of operating all machines. If possible, all the castings should be 
produced in the college foundry to demonstrate the machine pro- 
duction of castings. 

The instructors of machine design perhaps realize the value of a 
machine production course more than other members of the faculty, 
because it gives the student some background for a machine design 
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course. The student from his contact with machines acquires a 
knowledge of the machine parts and their functions. The student 
comes in contact with other machines in his steam and electrical lab- 
oratory courses, but in these laboratory courses, the students work 
in squads or groups and they are not concerned much with the op- 
eration of the machine, but in the gathering of data. The machine 
production laboratory is about the only laboratory in which the stu- 
dent is alone responsible for the operation of a machine and the re- 
sults obtained. 

The machine production course should also be a correlating unit 
with such subjects as management, engineering mechanics, metal- 
lurgy and metallography, and there should be codperation between 
the instructors of these subjects and the instructors of the machine 
production courses. The lack of codperation is often due to the 
fact that departments of some of the institutions are operated as a 
unit and there is no attempt made to codperate with instructors of 
other departments or with instructors within the department itself. 
At the University of Illinois steps are being taken to correct this 
practice. 

If the present financial conditions of the engineering colleges do 
not change for the better, it is rather certain that some of the more 
expensive laboratory courses will have to be modified in order not to 
exceed the budgetary allowance of the College. It would be well 
for us to examine our courses and procedure to ascertain whether or 
not it would be possible to give our students as much or more con- 
cerning machine production at less expense. 

There is no doubt that the expense of a machine production lab- 
oratory course is as great, if not greater, than other laboratory 
courses, but is not the expense justified when it is shown that so 
large a percentage of our engineering graduates are engaged in 
manufacturing ? 
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ECONOMIC PHASES OF HIGHWAY ENGINEERING IN UNDER- 
GRADUATE CIVIL ENGINEERING COURSES 


By T. R. AGG 
Dean of Engineering, Iowa State College 


In practically all of the engineering colleges of this country un- 
dergraduate courses in highway engineering are offered as a part of 
the Civil Engineering curriculum. The subject matter covered in 
these courses, include the design, construction, and maintenance of 
roads and pavements, the testing of highway materials, and a study 
of the problems of highway administration and finance. 

A fundamental objective in teaching the courses in highway en- 
gineering is to have the student obtain a clear understanding of the 
responsibility of the highway engineer in providing safe, satisfac- 
tory, and economical highway transportation service. Although it 
is important to familiarize the student with the technical details in- 
volved in highway design and construction, the full significance of 
the technical details can best be understood if they are related to 
this fundamental objective. However, it should also be recognized 
that the highway engineer in providing highway transportation 
service is not functioning independently but rather that in provid- 
ing this service, he is fitting his service to fill the transportation 
needs of a great economic system. Under the present system of in- 
struction in our colleges, it is hardly to be expected that the ex- 
planation of the present or of any other economic system should be 
considered a part of the undergraduate courses in highway engi- 
neering. It is quite obvious that the subject of general economics 
is so broad and so involved that it can only be presented in one or 
more separate courses. However, there is some ground for differ- 
ence in opinion, in deciding whether engineering economics or more 
particularly a study of the principles of cost comparison should be 
presented in the engineering design and construction courses or 
whether these principles should be presented in a separate course. 
It is the purpose of this paper to present the most important phases 
of highway economics and to analyze them in such a way that it may 
be possible to see how they fit into the undergraduate courses in 
highway engineering. 

* Held at Cornell meeting 8. P. E. E., June 20, 1934. 
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In the design and construction of highways, the engineer is con- 
tinually confronted with problems involving considerations and 
comparisons of cost. In recent years, the economic considerations 
in the financing of billion dollar annual road-construction programs 
have forced official recognition of the value of improved highways 
and of satisfactory low cost highway transportation service. The 
economic value of good roads has long been recognized by some of 
the leaders in highway thought. Arthur M. Wellington’s ‘‘Eco- 
nomie Theory of the Location of Railways’’ written in 1887 is an 
American classic on engineering economics. Practically all of the 
major problems‘in railway economics analyzed by Wellington have 
their counterpart in the field of highway engineering. It was he 
who defined engineering as ‘‘the art of doing that well with one 
dollar, which any bungler can do with two after a fashion.’’ He 
further added that there were ‘‘certain great triumphs of engi- 
neering -genius—the locomotive, the truss bridge, the steel rail which 
so rude a definition does not cover, for the bungler cannot attempt 
them at all.’’ 

In undergraduate work it is important to have the student get a 
clear conception of the meaning of engineering economics. While 
Wellington may have put it rather rudely, he expressed it in words 
the student can grasp. Another simple definition which the stu- 
dent can understand is given in Webster’s Dictionary in which 
economy is defined as management without loss or waste. 

In highway engineering these definitions imply that it is the 
highway engineers’ responsibility to build highways without loss or 
waste, to provide transportation service without loss or waste, and 
that if this cannot be done, it may be better not to build the high- 
ways at all. In determining whether there is loss or waste, it is 
necessary to know the cost of the highway or highway improvement 
and the cost of highway transportation and also the benefits or re- 
turns derived from the highway or from the highway transporta- 
tion service. 

The cost of the highway includes all of the expenditures of 
money necessary to build and maintain the highway. The cost of 
highway transportation includes not only the road costs but also the 
vehicle costs. The benefits to be derived from the highway or from 
highway improvements are both direct and indirect. The direct 
benefits have a fairly definite money value but it is practically im- 
possible to assign a money value to the indirect benefits. The di- 
rect benefits are obtained through a lowering of the cost of trans- 
portation. The indirect benefits are obtained through the increase 
in land value by making the land accessible and by bringing the 
producer and consumer closer together ; highways increase the social 
and recreational possibilities and promote improvement of educa- 














| 
| 
| 
| 
| 


ee 


op ee eta 


EELS 





428 CONFERENCE ON CIVIL ENGINEERING 


tional facilities; highway improvements should reduce the possibili- 
ties of highway accidents; and the opportunities for congestion 
which are responsible for time losses of varying amounts. In some 
eases it may be possible to assign a definite money value to the in- 
direct benefits but in general the indirect benefits introduce only 
supplementary evidence which may influence the decision when the 
comparison of costs indicates that such a procedure is prudent. 

In practically all of the problems of an economic nature suitable 
for study in undergraduate highway engineering courses, the cost 
of transportation is the controlling factor and should receive the 
most weight in deciding whether the cost of a given highway im- 
provement is justified. 

The economic problems in highway engineering may be divided 
into two main groups, first the problems involved in the selection 
of the route or location of the highway and second the problems in- 
volved in the selection of the type of road surface to be used on the 
highway. 

In the selection of the route or location of a highway, the fae- 
tors which should be considered and which have economic value, are, 
the volume and type of traffic, the savings due to a reduction of 
distance, curvature, and grades, the savings due to a reduction of 
congestion made possible by increasing the width of highways, con- 
structing by-pass highways, alternate routes, and grade separations, 
and the savings made possible by these improvements in the form 
of a reduction in highway accidents. 

In the selection of the type of road surface, the economic factors 
which should be considered are, the savings in the cost of vehicle 
operation over various types of surfaces, and the savings in the 
construction and maintenance costs for the various types of sur- 
faces. 

The factors included in the first group are related to practically 
all of the problems in highway design. An examination of these 
factors will readily show that a course in highway design would be 
incomplete if these factors were not considered in such a course. 
The volume and type of traffic is probably the most important fac- 
tor in cost consideration since it forms the basis on which all vehicle 
operating costs are computed. The student should be familiar with 
the purposes and general procedure followed in making traffic sur- 
veys. He should have a comprehensive knowledge of present traffic 
conditions and be able to make an intelligent estimate of the prob- 
able future traffic, since the economic justification of a particular 


‘type of construction should ordinarily be based on estimates of ex- 


pected or potential traffic rather than on present traffic. 
The determination of the general route should be based largely 
on the savings in operating cost due to savings in distance, curva- 
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ture, and grade. The final line and grade are for the most. part 
determined by the technical characteristics introduced by align- 
ment, curvature, and grade. The justifiable expenditure in the re- 
duction of distance, curvature, and grade, may be computed by de- 
termining the present worth of the estimated annual savings in 
vehicle operating cost for a period of reasonable length not exceed- 
ing 20 or 25 years during which time these savings can be depended 
upon. It should be understood that if the justifiable expenditure is 
less than the cost of the improvement, the project is not economically 
justified. As a matter of fact, if the justifiable expenditure is equal 
to the cost, there is no economic advantage in carrying out the 
project. The improvement is justified economically only if the 
justifiable expenditure is substantially greater than its cost. It is 
quite apparent, therefore, that the final decision in these problems 
involves a certain amount of judgment and no hard and fast rules 
ean be established which govern in making an economic choice in 
any particular case. The indirect benefits, the justifiable expendi- 
ture and the technical characteristics all have some bearing in reach- 
ing a final solution. 

The other factors in the selection of the route or location of a 
highway relate to the savings obtained by a reduction of congestion 
made possible by increasing the width of highways and by con- 
strueting by-pass highways, alternate routes and grade separations 
or other intersection improvements. The savings made possible by 
these improvements are savings in time and savings due to a reduc- 
tion of accidents. It is rather difficult to assign a definite money 
value to time and to highway accidents. Nevertheless, they do have 
a money value and should not be disregarded. The conditions are 
generally known under which a reasonable estimate of the value of 
time should be made. Accident reports are available for study, and 
reasonable money values may be assigned, based on a study of these 
records and the average insurance claims for similar accidents. 
Again the justifiable expenditure based on these savings should 
substantially exceed the cost of the improvement. 

The economic principles involved in a consideration of the selec- 
tion of the type of road surface do not differ materially from those 
discussed in the selection of route. The savings in the cost of 
vehicle operation and the savings in the cost of highway construc- 
tion, maintenance, and administration form the basis in the deter- 
mination of the justifiable expenditure for improving a given road 
surface. Although the true cost of vehicle operation on various 
surfaces for all types of vehicles is not known, sufficiently accurate 
information is available to arrive at values which are very useful in 
making economic comparisons of road surfaces and in demonstrat- 
ing the economic principles involved to the undergraduate student. 
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Reasonably accurate records of the costs of the various types of 
road surfaces are now kept by many highway departments and they 
form a fairly reliable basis for making cost comparisons of the vari- 
ous surfaces. 

In the economic comparison of road surfaces, both the operating 
costs and the highway costs must be reduced to a common unit. 
The units which may be used are the cost per ton-mile or the cost 
per vehicle-mile, the latter being the one most commonly used. In 
any particular case, the surface which provides identical transporta- 
tion service at the lowest cost per vehicle mile is the surface which 
should be constructed from an economic point of view. The total 
cost per vehicle-mile consists of the highway cost per vehicle-mile 
and the vehicle operating cost per vehicle-mile. The highway costs 
that must be considered are all the costs of all kinds incident to 
construction, maintenance, and administration of the highway. 
The common unit in comparing road surface costs under identical 
service conditions is the annual cost of the surface during its eco- 
nomic life. The annual cost of the surface consists of the interest 
on the investment plus the annual cost of routine maintenance plus 
the annual administration costs plus an annuity for depreciation 
plus an annuity for periodic repairs. The economic life of a given 
road surface is reached when the annual cost reaches a minimum. 
It does not necessarily follow that the surface with the lowest an- 
nual cost is also the surface which can provide transportation serv- 
ice at the lowest cost. Surfaces with high road costs, may provide 
vehicle operating costs which are sufficiently lower more than to 
offset the increased road costs. 

In making cost comparisons in undergraduate courses, it is de- 
sirable to use actual data, preferably for surfaces and for location 
problems with which the students are familiar. The information 
necessary for the solution of the problem should be complete and 
should be presented in an orderly manner. Although some of the 
cost data may not be absolutely accurate, definite values should be 
assigned which are reasonably accurate for the traffic conditions 
known to exist on the particular section of the road in question. 

After considering carefully the economic factors involved,, based 
on given traffic conditions and the direct and indirect benefits which 
bear on the solution of the problem, the technical details may then 
be worked out and a solution obtained which is complete and satis- 
fying both to the student and the instructor. It is not necessary to 
cover all of the economic problems in detail’ using the project 

‘method described above. Short problems to illustrate economic 
principles may be used effectively and in so doing save time. It is 
only natural that the individual instructor will adopt methods in 
presenting the subject matter which fit his needs and his style of 
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teaching. However, the evidence presented above points rather 
definitely to the fact that undergraduate courses in highway engi- 
neering are not complete if the economic consideration in the prob- 
lems of highway engineering are omitted. There is every indication 
that a splendid opportunity is provided in these courses to empha- 
size economic principles and to present a point of view which will be 
applicable to all engineering work. Although these principles may 
be taught in a separate course, it should be possible to teach them 
with less duplication of effort if presented as a part of the basic 
courses in engineering and thereby strengthen the basic courses. 


ECONOMIC PHASE OF REINFORCED CONCRETE CONSTRUCTION 
FOR UNDERGRADUATES 


By FRED L. PLUMMER 


Associate Professor Structural Engineering, Case School of Applied Science 


In an article appearing in the June issue of the JouRNAL of this 
Society Professor J. K. Finch, of Columbia University, states that 
‘‘there appears to be no need today of defending the thesis that, 
in planning a satisfactory curriculum, due attention must be given 
to economies.’’ I believe that most of us will agree with this state- 
ment. During the past four or five years economic problems have 
been so dominant in all of our activities that everyone has been 
forced to recognize and to some extent seek a solution for many 
economic and social problems which in the past we have been con- 
tent to allot to those whom we designate as ‘‘economists.’’ The 
belief, that the phenomenal advancement in science and its engi- 
neering applications while government and economic practice have 
developed but slowly, is to some considerable extent responsible for 
the present economic situation, is held by many people. Many 
engineers, and others, feel that what may be called the ‘‘engineer- 
ing method’’ must be used in solving economic problems if we are 
successfully to maintain a balanced social system. Certainly we all 
agree that our future engineers—and especially the Civil Engi- 
neers who are so closely associated with Public Works—must have 
a keener appreciation of the social and economic significance of 
the works which they design and construct. 

From the very practical viewpoint of the average young engi- 
neering graduate we find this situation. Carefully trained in the 
theory of engineering design and construction, he finds himself 
suddenly thrown into a competitive world where his theory is 
treated lightly or at best taken for granted, where almost all de- 
cisions are based on economic considerations, where his very suc- 
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cess is measured by advancement in salary and in rank depend 
almost entirely upon his ability as a business man and only inci- 
dentally upon his technical ability. 

Let us grant then that more opportunity must be afforded our 
students for consideration of economic problems. What material 
should be offered, and how? What are the objectives to be sought? 
Perhaps first, we must create an appreciation of the economic 
significance of engineering works. Then we must teach which fac- 
tors enter into the economics of engineering works, and how they 
may be evaluated and compared. Finally we should attempt to 
instill interest in the broader economic and social problems of the 
world. 

But all this will entail some knowledge of money, credit, bond- 
ing, banking; of book-keeping; of corporation organization and 
financing; of the organizing and financing of Public Works; of 
cost analysis; of valuation and depreciation; of rate structures; 
of maintenance and operating costs; of partial service satisfactions. 
We are immediately faced with a curriculum crowded to the sat- 
uration point. More courses cannot be added. What then should 
we omit? Should this new material be presented in separate courses 
and if so, who should teach these courses? Can the material be 
offered as part of the courses now devoted exclusively to technical 
material? Professor Finch, in the article already referred to, 
describes how Columbia University, with its longer course, is meet- 
ing this problem. He points out however, that the ‘‘problem is 
not simply one of finding time for new subjects.’’ I commend his 
article to your attention. A little later I shall briefly describe how 
Case School is attempting to solve this general problem. 

Coming to the more specific problem of the economic phase of 
reinforced concrete construction for the undergraduate, it is my 
personal opinion that such material as may be offered in this field 
in the average four year engineering course, must be presented 
with the corresponding technical information if it is to be very ef- 
fective. I think that we must assume that sufficient information 
concerning money, interest, book-keeping, and the fundamental 
ideas of first, maintenance, operating, and financing costs have been 
acquired elsewhere, to enable the student intelligently to attack 
simple problems of economic comparison. 

How much of the time devoted to courses in concrete should 
be allotted to problems of an economic nature, is a question open 
to considerable discussion. Present practice varies from those 
courses where no attempt is made to inelude problems of this nature 
to others where practically every problem includes some element of 
economie selection. Many instructors feel that the time is already 
too short to allow adequate presentation of the design side of the 
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subject and hesitate to reduce instruction in the technological as- 
pects in order to include consideration of the economic aspects. 
Professor Bowman tells me that very little instruction dealing 
specifically with economies is included in the concrete courses at 
Drexel Institute and at Massachusetts Institute of Technology. 
Professor Young, of the University of Toronto, includes in his 
courses, problems dealing with the economic depth of T-Beams, 
the economic spacing of counterforts for retaining walls, the re- 
lation of beam and girder spans in floors, and occasionally compara- 
tive estimates of the design of a floor panel and its supporting 
columns in reinforced concrete, fireproofed structural steel, and mill 
construction. Professor Young also raises the question as to whether 
the students ‘‘most need help on the matliematical or design side 
of the subjects and that the business side, if anything has to be 
left for afteryears, can be fairly well grasped by any wide-awake 
engineering graduate.’’ On the other hand Professor Caughey, 
of Iowa State College, states that ‘‘we keep the idea of economy 
before the students constantly in the design courses.’’ He very 
kindly sent an outline of what has been the first laboratory prob- 
lem in their reinforced concrete course. The objects of giving 
such a problem were stated as: first, to acquaint the student with 
drawings of concrete construction; second, to introduce the sub- 
ject of form design; and third, to illustrate how cost data might 
be obtained from unit costs of material and labor. The problem 
consisted of the preparation of a bid for the construction of a con- 
crete highway bridge, using a set of regular contract drawings, 
and included: first, an estimate of the quantities of steel, concrete, 
piling, ete.; second, a design of the forms required and a complete 
bill of lumber; third, an estimate of the cost of concrete in place; 
fourth, an estimate of the cost of steel in place; fifth, the lump sum 
cost of the structure; sixth, a study as to whether or not it would 
be cheaper to use pit run gravel. In addition, Professor Caughey 
states that ‘‘we have given attention to the economic phase in the 
design of warehouse floors. In this work the economies of column 
spacing is studied, also the comparison of costs of say beam-slab 
floors versus flat slab floors. The same general idea has been car- 
ried out in the study of economic height of various types of retain- 
ing wall.’’ Probably most courses in reinforced concrete now of- 
fered are similar to one of the courses briefly described above. 

1 feel that many of us are influenced, perhaps unconsciously, 
in planning the material for such courses by the fact that theoreti- 
eal analysis and design material is quite definite and may therefore 
be clearly and precisely presented to students whereas economic 
considerations must inevitably involve questions of judgment and 
can never be entirely definite. Problems must be carefully pre- 
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pared, and presented to the student so as to provide to some extent 
the background of practical considerations which become common 
knowledge to the practicing engineer but which cannot be part of 
the experience of the student. The results of such studies will each 
require careful study and criticism by the instructor if they are 
to be of maximum value to the student. The preparation and 
grading of such problems will thus require a very great amount of 
time as compared to a routine design problem which may be briefly 
stated and for which the results will be definite and uniform. 

I also question if, possibly due to our own enthusiasm for the 
technical phases of a subject with which we are very familiar, we 
_ do not come to feel that a considerable portion of the knowledge 

which we have accumulated, perhaps over a long period, is essential 
to each student of Civil Engineering whereas in fact few ever have 
need of any but the simplest design theories while all will cer- 
tainly have to solve may types of economic problems. Perhaps 
also, we underestimate the ability of our graduates to acquire for 
themselves definite methods of design as needed, provided of course, 
that they do have a good understanding of a few basic principles 
of analysis and design. Perhaps we have assumed for too long a 
period that these young graduates could work out for themselves 
a satisfactory economic theory. Perhaps our present economic sit- 
uation is partly due to the operation of too many economic theories 
arrived at in this manner. I am not sure but that I would rather 
teach a student to determine when flat slab construction should be 
used than teach him how to design a flat slab. 

Assuming that the subject of conerete and reinforced concrete 
is to be taught in a course consisting of three hours of lecture and 
recitation per week together with say six hours of laboratory and 
design and extending through one full year, I would consider that 
the following problems of an economic nature constituted about 
the minimum desirable. First there should be a group of problems 
designed to illustrate recent advances in methods of proportioning 
concrete to give specified strength characteristics. These problems 
might be a comparison of the cost of producing a certain “‘ material 
service,’’ using concrete consisting of various aggregates, mixed 
in different proportions, and providing different strengths and 
service qualities. Additional problems should consist of compara- 
tive designs made for concrete of different quality. The student 
often thinks of conerete as a one strength material (2000 pounds 
for design purposes) rather than a structural material of which 
the strength can be varied within rather wide limits. Some prob- 
lems having to do with the economical dimensions of beams and 
with the economic spans for beams and girders should certainly 
be included. At least one comparative design of different forms 
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of construction, including the effect of cost of form work and of 
labor as well as the actual quantities of materials is required. One 
problem should demonstrate the relative effect of first cost, main- 
tenance and operating costs, and provision for renewing the struc- 
ture, on the economic selection of a structure to give a stated serv- 
ice. Many economic studies may be a codperative study by an 
entire class in which individual members of the class work what 
might otherwise be a routine design problem but which, when 
combined by the instructor or a designated student with other 
results, becomes the basis of a very effective economic study. A 
study of the range of economic heights for various types of re- 
taining walls forms a very satisfactory economic problem. In 
closing this part of my remarks, I must admit that it is only with 
considerable personal discipline that I am able to recommend and 
carry out the inclusion of such problems in my courses, since I am 
one of those rather questionable individuals who can enjoy a 
mathematical demonstration as such, and to whom a difficult de- 
sign problem will probably always hold more of interest than can 
any problem involving economic selection. However, aside from 
personal inclinations, I am firmly convinced that some such mate- 
rial must be included in our technical courses even though we must 
sacrifice some of the design instruction. 

Before closing, I should like to outline for you a change in the 
Case School curriculum which will be tried tentatively next year 
and which was designed to help solve the general problem of pre- 
paring more of our engineering graduates for careers in positions 
requiring executive rather than technical ability. At present a 
large number of our graduates do enter positions of this nature and 
it has been suggested that perhaps the demand for graduates of 
engineering schools during the period ahead may come more 
and more from firms requiring men for work of this type. At the 
same time it seems possible that the demand for technical men 
may not increase but that those who are required may find it 
necessary to meet higher technical standards, warranting advanced 
study in many cases. 

To meet such a possible situation, it has been decided to create 
in the senior year of each of the engineering courses offered by 
Case (Civil, Mechanical, Electrical, ete.) what is designated as a 
Business Option. Approximately half of the time of the senior 
year for those men in each course who elect this option will be 
devoted to a study of Business Fundamentals, Business Practice, 
of Accounting, and the so called ‘‘Investigations,’’ or economic 
studies and reports. The remaining time will be devoted to pro- 
fessional technical subjects. Thus each of the Business Option men 
will have a full training in the fundamental technical subjects with 
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some training in the more professional aspects of the particular 
field of his interest, in addition to the very considerable business 
training. It has been deemed advisable to offer the business sub- 
jects in this manner through and by the several existing depart- 
ments rather than by creating a new alternate course paralleling 
the engineering courses and in competition with them. The men 
who choose technical options during their senior year will be af- 
forded some opportunity for specialization in some phase of their 
general field and may in addition, if they so desire, continue for a 
fifth year following a definitely planned course of specialization. 
Approximately thirty per cent of the Senior Class for next year 
have chosen the Business Option in the various courses. The in- 
struction will be carried on entirely by our existing faculty al- 
though there will be some interchange of service between the mem- 
bers of the various departments so as to take advantage of the out- 
standing abilities and experiences of certain men. Part of the work 
will be offered by our department of Engineering Administration 
and Accounting for all the different groups. In general, however, 
the Civil Engineering students (and other groups similarly) will 
receive information dealing directly with those problems which are 
of greatest concern to Civil Engineers. 

I believe that we must each give considerable thought to this 
problem before we can hope to find a solution which will satisfy 
our newer conception of the aims of an engineering education. 


WHAT PROBLEMS IN ECONOMICS OF BRIDGES SHOULD BE 
TAUGHT TO UNDERGRADUATE STUDENTS IN 
ENGINEERING COLLEGES? 


By WM. G. GROVE 


Robinson & Steinman, Consulting Engineers, New York City 


This is a subject to which the writer has given special thought 
for many years. From his recollection of his student courses at the 
University of Pennsylvania from 1905 to 1909, there was only one 
course in economies given during that four year period. This was 
a two hour a week course in Railroad Economies given for one 
term in either the junior or senior year. 

There were no courses on the economies of steel structures and 
none on bridges. As a result the writer was considerably handi- 
eapped by such omission when after graduation he entered the 
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practical field. The following comments therefore are the result of 
his experience, which has proved conclusively to him the impor- 
tance of giving a course in bridge economics to undergraduates. 

There are two definitions of a steel bridge, each complete in 
itself, and yet entirely different from each other. These two defini- 
tions depend upon the point of view taken. The first definition is 
from a purely technical viewpoint, the second is from a broad gen- 
eral viewpoint. 

1. A steel bridge is a framework, open or solid, so fastened to- 
gether as to be capable of supporting the desired loads under 
stresses not to exceed those warranted by good engineering prac- 
tice. 

2. A steel bridge is a support across a valley or a body of water 
whereby traffic originating on one side of the gap may be trans- 
ported safely and expeditiously to destinations on the opposite side 
of the gap. 

The first definition is the one generally assumed by the students 
in their undergraduate work particularly in connection with the 
analysis of stresses in the various parts of the steel structure. It 
is also the definition generally assumed by the steel designer in the 
proportioning of the various members to meet the needs indicated 
by the stresses and to satisfy the shop tools as regards fabrication 
and the field equipment as regards erection. It is, we might say, 
the definition of a bridge from the time the design is started until 
the structure is completed, paid for, and thrown open to traffic. 

The steel structure, however, may satisfactorily fill all the re- 
quirements of the first definition and yet it may fall short of or be 
inadequate for the demands of the second definition because suffi- 
cient attention had not been given to the real objects for which the 
bridge was constructed. The meeting of the requirements of the 
second definition in a satisfactory manner constitutes the true 
economies of steel bridges. 

The writer believes that a course of say three periods a week, 
given in the junior year, would be of material benefit to the stu- 
dents. He believes, however, that this course should be given in 
such manner as to make it interesting to the students, otherwise 
it will be to them merely a mass of statistics and a course to be 
passed with the least amount of effort possible. 

Granted the desirability of such a course, the problem then re- 
solves itself into one of how best to present it to the undergrad- 
uates. The writer will outline what he believes to be some of the 
salient features of bridge economics in accordance with both defini- 
tions and then discuss how to present them to the undergraduates. 

In line with definition 1 the first thing to be considered is the 
type. For short spans the choice lies between beams, girders and 
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trusses. Beams have been used for spans up to 70 feet and more 
in length. At Verona Island there were 16 such spans making a 
total length of 1,120 ft., the spans being grouped in such manner 
as to take advantage of continuity. Girder spans have been used 
up to 130 ft. and more in length. For very light highway bridge 
construction, pony truss spans as short as 40 ft. have been used. 
Any number of such bridges may still be seen in country districts 
throughout the eastern part of the United States. 

For spans of intermediate lengths from 200 to 500 feet, the 
choice lies between simple trusses of either the riveted or pin con- 
nected type. At the turn of the century pin connected spans of 
shorter lengths, 50 feet to 200 feet, were very common. Gradually, 
however, engineering practice changed and the great majority 
of modern ordinary simple spans are of the riveted type even for 
lengths up to 500 feet. For longer lengths, pin connected spans 
prove to be more economical under ordinary conditions, these hav- 
ing been used up to about 700 feet. One of the reasons for the in- 
creasing number of riveted spans is the wider use of cantilever 
erection, to which method the pin connected spans do not lend them- 
selves readily, on account of the eyebar members generally not 
being able to take compression. 

Each particular project must be studied on its own merits and 
no hard and fast rule can be made which will apply to every case 
under consideration. The type which will be more economical for 
a given span length in one location may prove to be very un- 
economical in another location. 

For long lengths special types, or special modifications of the 
more general types, have to be carefully considered. Here the dif- 
ferences are more pronounced and after real scientific investigation 
it is frequently found that one type has certain outstanding ad- 
vantages and is therefore the most economical to use at the location 
under consideration. 

The first step beyond the ordinary simple span is the continuous 
truss where advantage is taken of the fact that maximum moments 
can be reduced as much as 25 per cent with corresponding reduc- 
tion in the amount of metal used. The continuous type is par- 
ticularly economical where there are solid foundations such as rock, 
which would resist any tendency to settlement. 

The cantilever is a modified form of the continuous bridge 
where the point of contraflexure is definitely fixed by means of a 
hinged joint. On account of the hinge the cantilever is not so 
rigid as the continuous type although that factor is not a serious 
one in long span heavy bridges. Continuous bridges have been 
built with spans up to 775 feet. The longest cantilever is the 
Quebec bridge with a main span of 1,800 feet. 
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Another type of long span construction that is economic under 
certain topographical and geological conditions is the arch. Where 
it fits in with the profile of the gap and where good rock outcrops 
at the location of the haunches, an arch has decided economic ad- 
vantages. An arch is really a simple curved chord span, where 
the bottom chord tension member is replaced by the horizontal 
thrusts on the two anchorages, hence its use results in a consider- 
able saving of steel. Arches have been built up to a length of 
about 1,650 feet. 

For extremely long spans, however, there is no type of bridge 
that can compete with the suspension span, and on careful analysis 
the reasons are perfectly obvious. A suspension span is really an 
inverted arch where the horizontal thrusts of the arch are replaced 
by horizontal pulls on the anchorages. Furthermore the compres- 
sion ring of the arch is replaced by the tension cable. This results 
in two distinct advantages. In the first place the cable, being a 
tension member, does not have to be designed for unsupported 
length, hence less material of ordinary grade can be used. But 
another very important factor is the fact that the cable can be 
constructed of cold drawn steel wire, the strongest material used 
in bridge construction. Several suspension spans ranging in 
length from 1,200 ft. to 1,800 ft., have been constructed during the 
past half century, and a few years ago the George Washington 
Bridge with a span of 3,500 feet was opened to traffic. The Golden 
Gate span of 4,200 ft. is now under construction and preliminary 
plans have been made for the Liberty Bridge across the Narrows 
at New York City with a span of 4,500 ft. With the present state 
of bridge designing, no other type would be as economic as the sus- 
pension type for lengths of 1,500 to 4,500 feet. For the shorter 
lengths it has not been possible to find definitely the exact minimum 
length below which the suspension span ceases to be economical. 
Some years ago this length was considered to be about 1,000 feet 
for the heavier bridges and 500 feet for bridges of lighter construc- 
tion. During recent years, however, studies have indicated that 
suspension bridges of shorter spans could be constructed economi- 
eally, and the writer has given considerable thought to this matter 
during the past five years. The main reasons for this possibility 
are two-fold, first, the recent development of wire strands up to 
diameters of 114 inches and the practicability of increasing this 
diameter still further, and secondly, the practice of prestressing 
these strands at the shop and measuring, cutting to length and 
socketing before the material leaves the shop, both developments 
materially reducing the field costs by permitting more work to be 
done at the fabricating shops. Of course in locations like the 
mountainous regions of Colombia, South America, where the only 
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transportation is on small river steamer or mule back, and the 
maximum weight of each individual piece is limited to 250 Ibs., 
the other types are simply out of the question and suspension spans 
are economical when as short as 175 feet. The only pieces weigh- 
ing over 250 Ibs. are the wire ropes that make up the cables. After 
arriving at the docks these ropes are unwound from the reels and 
supported every 50 to 100 feet on the backs of mules and in this 
way carried inland over the winding roads through the moun- 
tainous country. 

Thus far we have considered only the types of spans. There 
are, however, the make-up of the individual members to get an 
economic fabrication and also the arrangement of the members so 
as to reduce the cost of field erection. 

To discuss adequately these phases of bridge work would re- 
quire an hour or two for each, but one or two points may be touched 
upon briefly. If the required area of a member is such as to need 
say 4 angles 4 x 4 x 14 inches and 2 web plates 24 inches deep and 
34, of an inch in thickness, it is easily seen that other things being 
equal it would be more economical to use 2 plates 34 instead of 4 
plates 34. The four plates would require twice the handling at 
the punches for the connection of the angles and also additional 
punching to provide for the tack rivets. In addition there would 
be extra assembling and riveting, so that it would be cheaper to 
use the two 34 inch plates. Furthermore, the introduction during 
the past decade of the wide flange beams has resulted in many of 
the truss members being made of these beams, thus eliminating 
all shop work on these members except cutting to length and pro- 
vision for the end connections. Even on built-up members, the 
increasing use of shop welding has resulted in a reduction in fabri- 
cation cost. 

Discussing the structure from the standpoint of erection, a 10 
panel bridge will in general cost less to erect than a 12 panel bridge 
of the same total length, on account of the fact that there are fewer 
pieces to handle and less rivets to drive in the field. The individ- 
ual pieces will of course be heavier, but unless they are of espe- 
cially large size and weight, they can be handled bythe erection 
equipment ordinarily carried by the large steel fabricating and 
erection organizations. 

The above illustrations given are merely typical of the many 
problems that come up in the fabrication and erection of steel 
bridges and the proper solution of these problems constitutes part 
of the economies of bridge construction. 

Thus far we have confined our discussion to the first defini- 
tion of a steel bridge, the one relating to the materials of construe- 
tion and the design of the individual parts of the structure. 
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The writer would now like to invite your attention to a con- 
sideration of the second definition, the one relating to the purpose 
for which the bridge was built. In regard to traffic there are three 
major considerations involved: when shall the bridge be built; 
where shall it be built; and how shall it be built. 

It is the satisfactory solution of these three considerations that 
constitutes another very important part of the economies of steel 
structures. 

The first consideration is ‘‘when’’ should the bridge be built. 
This is determined by the estimated number of probable users of 
the bridge, and whether the traffic is sufficient to pay for the proj- 
ect either directly by tolls or indirectly through general taxation. 
In either case the bridge is merely a part of the road system of the 
community. 

The second consideration is ‘‘where’’ the bridge should be 
built. This depends to some extent on the traffic as regards origin 
and destination and also to the general topography of the locality. 
Furthermore the 'ocation of existing bridges has an important 
bearing, from an economic standpoint, on a new structure. An- 
other factor that must be given careful consideration is where the 
additional toll bridge is to be placed within say a mile of an exist- 
ing free bridge. If the new bridge is on a more direct route, be- 
tween the origin of traffic on one side of the gap and its destination 
on the opposite side, than the existing free bridge, then the ele- 
ments of additional consumption of gasoline, additional wear on 
the tires and additional time to make the journey, particularly if 
the existing structure has street car tracks, necessarily inherent in 
the use of the existing free bridge must be properly evaluated in 
dollars and cents in order to ascertain whether the traffic over the 
new bridge will justify the tolls and therefore the construction of 
the new bridge from the standpoint of economics. 

The third consideration is ‘‘how’’ the bridge shall be built, and 
herein lies the field where the bridge engineer has his greatest 
opportunity of serving the community. And right here at the ont- 
set of the discussion of this phase of the question, the writer wishes 
to state that the cheapest bridge is not necessarily the best from 
the standpoint of economics. 

Hypothetically, it is easily conceivable that a bridge might be 
built having a single lane of roadway width in order to save money 
and after vompletion the congestion of traffic be such that the pub- 
lie would demand the reconstruction to provide for two lanes, with 
the result that the total cost would be far greater than the cost of 
the project had a two-lane structure been built originally. That 
illustration is of course an extreme case, as from a practical stand- 
point it is hardly conceivable that any community would build a 
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bridge of any magnitude with provision for only one lane of traffic. 

The real problem.comes when the bridge engineer has to deter- 
mine whether the structure shall be 2 lanes or 4 lanes, or whether 
to make it 3 or 4 lanes. Many things enter in to affect these de- 
cisions ‘and the engineer is called upon to use his utmost resource- 
fulness in order to make the proper decision. Nothing is more 
exasperating to the motorist than to have to experience the delays 
in the congestion on a two lane bridge, which should have been 
constructed with 4 lanes. On the other hand, no matter how monu- 
mental a 4 lane structure may be, it is a sad affair when the traffic 
over such a structure is hardly sufficient to warrant two lanes, par- 
ticularly if the bonds for such structure are held by private in- 
vestors. 

Again the question of illumination is extremely important. 
There are at the present time two distinct schools of thought re- 
garding bridge illumination. One group favors an illumination at 
least equal to and preferably greater than the illumination on the 
adjacent streets. These advocates claim that the nearer daylight 
conditions are approximated, the more satisfactory will be the 
travel over the structure. 

The other group would reduce the illumination to a minimum 
and depend upon the headlights of the motor vehicles for visibility. 

The writer’s present opinion is somewhat between these two 
extremes. He believes that the intensity of the headlights should 
be materially reduced, particularly the light in front of the driver. 
The reflectors should be adjusted to throw the major portion of the 
light on the roadway and the right reflector should throw most of 
the light toward the curb on the bridge or streets or the shoulder 
on the highway. 

By such arrangement and adjustment the bulk of the light 
would be concentrated on the roadway immediately in front of the 
ear and also along the curb. After all, the objects of headlights 
are twofold, first to give other people warning of the proximity of 
the driver’s car, and secondly to aid the driver in operating his 
own car on the roadway. The arrangement of the lights given 
above would enable the motorist to achieve the desired, objects with 
a minimum of glare to confuse the motorists in ears approaching 
in the opposite direction. With that primary object attained there 
is very little need of illumination on the bridge itself exeept for 
artistic and decorative purposes. The bridge lights could there- 
fore be of minor character and so arranged as to aid in the desired 
ends. 

An attempt was made to solve this problem of illumination on a 
viaduct in Cincinnati. Here the lights were fastened to the tops 
of the hand railings about 4 feet above the roadway. This experi- 
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ment has not been entirely satisfactory as there is quite a glare 
when the roadway is wet, and the writer is now working on a 
system of lighting which is a modification of the scheme on the 
bridge in Cincinnati. There is plenty of room for improvement in 
this direction and the field is wide open. 

A four lane bridge has a normal capacity of 1,200 motor vehicles 
per lane per hour and at times of heavy traffic this figure can be 
doubled. But unless the approach roads or streets are of sufficient 
capacity to feed that amount of traffic to the bridge or to carry off 
the traffic when it reaches the opposite end of the bridge, one of 
the main objects of the bridge has been defeated, and that leads the 
writer to his final thought, that of adequate bridge plazas and by 
plazas is meant the plaza proper where the grade on the bridge 
meets the ground and also the streets or thoroughfares which lead 
up to this point. 

A thoroughly satisfactory bridge can be deprived of a large 
percentage of its usefulness by the appropriation for the cost of 
same not being adequate to remodel existing streets, where the 
latter are so narrow and so located as to cause traffic congestion 
under normal traffic over the bridge itself. 

The considerations given above are some of the problems that 
ean and should be taken up and discussed with the undergraduates. 

In the presentation of these data the writer recommends that 
several very important thinys be kept in mind and by the proper 
codrdination of these items it is surprising how much can be aec- 
complished in a short space of 3 hours per week, say one afternoon 
throughout the entire college year. 

He would divide the afternoon period of three hours into two 
parts say 1 hour of combined lecture and recitation and the balance 
of practical work. The lecture period would consist of the presenta- 
tion of the various phases of economies, with stereopticon or motion 
pictures to illustrate the various points. The recitation period 
would consist of recitation on the work of the preceding period and 
a general discussion to clear up any points of doubt concerning 
the various points. 

The practical work would be varied in character. It would be 
partly done over the drawing boards as for example the laying out 
of different types of trusses and girders. It would be partly visits 
to various plants to study shop fabrication and to adjacent field 
projects to study erection. It would be an investigation of illumina- 
tion which would come under the classification of research. It 
would also be a study of traffic behavior by making actual counts 
at highway intersections and analyzing the results. In this way 
the student would obtain not merely the technical information on 
bridges concentrated on the analysis of the stresses in bridge mem- 
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bers, which after all is merely applied mathematics and mechanics ; 
but he would obtain a comprehensive grasp of the real purposes for 
which bridges are constructed and which after all constitute the 
real economies of the problem. 

In conclusion the writer, both from his college training and 
from his 25 years of experience since graduation, is thoroughly 
convinced, first, that the economies of bridges should be taught in 
the colleges and engineering schools, and secondly that by proper 
arrangement a thoroughly satisfactory course in economics can be 
provided by taking not more than one afternoon a week, preferably 
during the junior year. The writer is giving such a course during 
alternate years at the evening graduate school of the Brooklyn 
Polytechnic Institute. 
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SHOULD PROBLEMS REQUIRING INVENTION BE 
INCLUDED IN A COURSE IN MACHINE 
DESIGN? 


Discussions of the Machine Design Clearing House 


By FRANK L. EIDMANN 


Columbia University 


The question is often raised among teachers of machine design 
as to whether or not problems requiring originality of design or 
invention should be included in a course in machine design. At 
meetings of the Machine Design group of the 8S. P. E. E., a num- 
ber of professors have stated that at one time or another they have 
included in their design courses a few problems of this kind, but 
in all cases it was advisable to abandon the plan. It was found 
that a few students were enthusiastic about this type of problem 
and did excellent work, while other students who lacked natural 
inventive ability were helpless and uninterested. The problem of 
grading was a difficult one, for it may seem unfair to penalize a 
student for his inability to solve problems of this kind when, as a 
matter of fact, a man may be a successful engineer and yet not 
possess the degree of ingenuity required for projects of this kind. 
The instructor found it impossible to conceive enough problems 
from year to year and it would, of course, be unsatisfactory to 
use the same problems over and over. The instructor himself must 
have inventive ability. 

I have personally experimented with this type of problem but 
have found it suitable only for upperclassmen, and then only when 
the classes are small. It requires very close supervision of the 
instructor and takes considerably more of his time than usual 
design courses. I posted a list of problems and allowed the stu- 
dents to make their selections, every student choosing a different 
problem. A suitable number of class hours were allowed for the 
project, upon conclusion of which each student explained to the 
class his problem and its solution. He also answered questions and 
criticisms by the class and instructor. Much interest was shown by 
the entire class. Some students were sufficiently enthusiastic to 
construct working models of essential portions of their project for 
demonstration before the class. 

I believe that problems of the inventive type can profitably be 


445 





a 








446 PROBLEMS REQUIRING INVENTION 


introduced in comparatively small classes of upperclassmen. On a 
voluntary basis, those students who are sufficiently interested may 
choose.a project of this kind instead of a regular class problem of 
equivalent time allowance. 

Two engineering colleges have instituted courses on the handling 
of inventions. Another has introduced a no-credit ‘‘Forum on In- 
vention’’ which meets regularly to discuss all phases of inventions. 
Successful inventors are also invited to address the group. The at- 
tendance is usually about forty-five and sometimes runs well over 
one hundred. 

The discussions which follow have been contributed by mem- 
bers of the Machine Design Clearing House. 


As the professional inventor of the future must have a good technical 
education it is logical to choose the engineering school as the place to train 
inventors. It has been stated that the type of training given in technical 
schools at the present time tends to discourage rather than to encourage 
creative thinking; but since it is estimated that not more than two or three 
per cent of the students in these institutions are naturally creative, it should 
not be difficult to place these in special classes where originality is en- 
couraged. 


I am very much in favor of problems which encourage originality of 
design but am opposed to those that involve actual invention. 

My attitude is based to a considerable extent upon my own reaction to 
the Machine Design course we had in college. One semester’s work con- 
sisted of the design of a complete machine all dimensions of which were 
calculated by use of empirical formulas. No originality was required and 
the problem created no interest whatever and from my point of view, little 
good was derived from the semester’s work. During the second semester 
we worked on problems of our own choosing. We were left largely to our- 
selves, although the instructor was available for advice, or made suggestions 
when he deemed it necessary. Catalogs, ete., were freely consulted but the 
use of our own initiative was encouraged. This method created vastly 
more interest among the students and I am sure the benefits derived were 
far greater than those from the first semester’s work. 

Problems involving invention make accomplishment of anything really 
tangible too uncertain. After all, it is necessary to have something upon 
which to base grades and I think it is quite possible for a student to start 
off with every good intention but have his efforts avail little or nothing by 
the end of the course. Grades cannot be based entirely upon effort ex- 
pended. 


In many cases our evening students bring in original problems as met 
with in their commercial work and these problems are worked out in class 
and passed on to the day students. Some of the problems submitted have . 
come from such companies as United Power and Light Co., Westinghouse 
EK. & M. Co., Hyatt Roller Bearing, ete. In many instances students meet 
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design problems in their thesis work, such as automatic safety controls for 
elevators, et cetera, parts of which problems are given to the class for the 
purpose of checking and discussion. The latter brings out originality of 
design and inventive ability. However, we do not stress this part of the 
work. It is well to give them some problems along this line, from time to 
time, but in my opinion it is better to develop the fundamentals of Machine 
Design and the ability to use formulas and materials. 


So far we have not tried out problems involving invention in our 
Machine Design courses other than a few very minor details. The degree 
of suecess attained in a design course requiring inventive ability on the 
part of the students would probably depend more upon the timely and 
ingenious hints of the instructor than upon their own imaginative powers 
and immature judgment. The percentage of original practical ideas pro- 
duced in such a class would probably be a very small amount of the total 
results produced. 


I rather favor “ No” as the answer if it is meant to devise problems for 
the purpose. However, if the work in the course is properly handled by 
the instructor, there will be ample opportunity for originality of design. 
That it is just as valuable for one to think through any problem and inde- 
pendently arrive at the same solution previously given by another as it 
was for the first man, is not an original thought with me, but expresses my 
conviction that the student should have some freedom in his design and that 
in so far as possible he should not have other drawings or parts to copy. 
This means more work for the instructor than if he were to fully chart the 
student’s course of procedure. 

I have given some problems such as the title implies but feei that better 
results are obtained by requiring the student to do a maximum of thinking 
for himself in his regular work which, it should be remembered, is probably 
as unfamiliar to him as the “ original” problem is to the instructor. 

I have found a series of articles on “ The Cultivation of Inventive Abil- 
ity ” by Leicester Allen in the American Machinist of 1892-93 of interest 
in considering this question. I recommend them to all, particularly those 
who favor such problems. 


I attempted to use problems requiring originality and invention, in my 
design classes, several years ago, but with poor success. I no longer as- 
sign such problems because I feel that most of the effort is lost on the 
large majority of students. Given capable students, and a teacher having 
an inventive turn of mind, such problems should be valuable. Inventive 
problems require considerable more time and this must be considered also. 
When I have capable students who desire to do special designs I permit 
them and find this often works out well. 


The reasons why such problems would be impractical in a regular re- 
quired course are in my opinion as follows: 
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1. They can be worked more or less successfully only by very few, if any, 
students in a class comprising a group of 6 to 18 persons. 

. While stimulating the interest and the ability of very few, these prob- 
lems may create an impression of inferiority complex in those who 
can not work them, although otherwise well qualified to become engi- 
neers. 

3. These problems almost require the instructor himself to have inyentive 
abilities in devising such problems and having ready at least some 
kind of a solution for them in the event that not a single student 
offers one. 

4. These problems once discussed could be recorded and passed on to the 
next year class, making it a formality, unless they are continuously 
changed, which is not so easy. 

5. The efficiency of the instructor’s time and efforts spent, will be rather 
low if the whole class is to be considered. 


On the other hand, it can not be denied that the training of students who 
have certain innate or hereditary inventive abilities in the right direction is 
possible and desirable. These can be attained best in a special course of- 
fered to students interested in inventive activities. However, it is rather 
doubtful whether there will be in one single college a sufficient number of 
students to enroll in such a course. 

Before starting such courses, in order to obtain worth while results, it 
seems almost necessary to organize a summer session for engineering in- 
structors, to show how to teach such a special course efficiently. 


< 


I see no objection to using problems requiring originality, but with re- 
gard to their value in the development of inventive ability, I am rather 
sceptical. An engineer who has little or no inherent ability will never de- 
velop beyond the mediocre stage anyhow, while the man who is by nature 
inventive does not need training in this direction. More time should be 
given to fundamentals; more thorough mathematical training should be 
given. Most graduate engineers have only a hazy knowledge of this most 
important subject. 

Many important inventions have been made by men having no engi- 
neering training whatever, for example—unless my memory is at fault— 
the automatic telephone switching mechanism was the invention of a drug- 
gist. A very successful automobile transmission was invented by a man 
who had no knowledge of gearing. This man knew so little about gearing 
that he sent some odd size gear blanks to a gear cutting concern and re- 
quested them to cut teeth in them. The gear company requested further 
information such as diametrical pitch and number of teeth and discovered 
that their customer did not know the meaning of “ diametrical pitch,” so 
they had to engineer the job for him. You no doubt know of many similar 


‘ eases. I think that inventors are born with a talent for this sort of thing 


and I am inclined to think that an engineering training in most cases would 
have the effect of stifling the inventive urge. My feeling is that it would 
be preferable as stated above to lay greater stress on the fundamentals and 
not so much on the various phases of engineering. 











SECTIONS AND BRANCHES 


Stevens Institute of Technology at Castle Point, Hoboken, 
New Jersey, was the scene of the annual meeting of the Middle 
Atlantic Section of the Society for the Promotion of Engineering 
Edueation on Saturday, December 8, 1934. Representatives of 
sixteen colleges and universities, besides a number of representa- 
tives of industry and engineering societies, were in attendance. 
The total registration numbered one hundred ten. 

During the morning there were tours of inspection of the fol- 
lowing points of interest : 

1. Tietjen and Lang Dry Dock Company, Ship Equipment and 
Repair, 

2. Schock, Gusmer & Company, Inc., Brewery and other heavy 
chemical equipment, 

3. Keuffel and Esser Company, Surveying and Drafting Instru- 
ments, Slide Rules, ete., 

4. Midtown Vehicular Tunnel of the New York Port Authority. 


At two o’ecloeck the main technical session was called to order in 
the auditorium of the Administration Building by President Mor- 
land King, and President Davis of Stevens gave the assembly a 
hearty welcome. Secretary’s and treasurer’s reports were read and 
approved. The Committee on Meetings, appointed by President 
King, was as follows: 


Dean G. F. Bateman, The Cooper Union, 
A. C. Stevens, General Electric Company, 
C. G. Thatcher, Swarthmore College. 


The Committee on Nominations, as appointed, consisted of : 


President A. R. Cullimore, Newark College of Engineering, 
Dean R. C. Disque, Drexel Institute, 
H. P. Hammond, Polytechnic Institute of Brooklyn. 


There has been a study of ship models going on at Stevens for 
some time under the direction of Professor K. 8S. M. Davidson of 
the Department of Mechanical Engineering. Professor Davidson 
gave an interesting presentation and told of the preliminary studies 
made in the Institute swimming pool under the title ‘‘Testing of 
Ship and Yacht Models.’’ This study gives promise of such value 
that the Research Corporation of New York has made a grant of 
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funds for the construction at the Institute of a one-hundred-foot 
experimental towing tank. 

‘“What These Times Mean to the Engineer’’ was the title of a 
stimulating address by Dr. Lyman Bryson, Visiting Professor at 
Teachers’ College, Columbia University, who pointed out that the 
basis for modern morality is honest workmanship, and that if the 
engineer would take advantage of his opportunity of leadership, he 
should practice the art of sound workmanship which has been one 
of his characteristics, and he should ‘‘hold fast to his scientific 


_ caution in all practical matters.”’ 


Following the discussions of these papers the delegates visited 
the laboratories and shops of the Institute, saw the demonstration 
of a yacht model testing in the swimming pool and were entertained 
at tea at the President’s house. 

After the dinner at Castle Stevens, presided over by our chair- 
man, Morland King, the Committee on Meetings reported accep- 
tance of the invitation from Dean Arthur M. Greene to hold the 
1935 spring meeting at Princeton. This report was unanimously 
adopted. The Committee on Nominations presented the following 
report which was unanimously adopted. 


Chairman: Dean Franklin DeR. Furman, Stevens Institute, 
Vice-Chairman: Prof. Frank L. Eidmann, Columbia, 
Secretary-Treasurer: Chas. G. Thatcher, Swarthmore. 


Mr. Jonas Lie, President of the American Academy of Design, 
spoke on ‘‘Men in Art,’’ maintaining that the profession of an 
artist is more manly than that of an engineer. Mr. Lie’s address 
was most entertaining and well received. 

Dr. Harvey N. Davis, President of Stevens Institute, made a 
characteristically vigorous presentation on the intellectual atmos- 
phere of the collegiate institution. ‘‘One of the important ways of 
fostering that distinguished intellectual life is both to encourage 
and to demand independent self-energized thinking on the part of 


the student body.”’ 
Cuas. G. THatcuHer, Secretary. 


ENGINEERS IN THE MopERN WorRLD 
LYMAN BRYSON 


Teachers College, Columbia University 


If an outsider is to undertake to tell engineers what place he 
thinks they occupy in the modern world, it is obviously necessary 
that he begin by describing the modern world as he sees it. We 
are tired of being told that this is a world of confusion and change, 
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not because we doubt the truth of it but because the facts are so 
evident. And we are accustomed to hearing that it is a world of 
machines in which science predominates. This I would dispute. 
To be sure, machinery has done a good deal to change our ways of 
living and science has accomplished great things. But we can not 
say that machinery controls us in our ideas of social structure or 
that the scientific attitude is commonly accepted, in our attempts 
to solve political, social and economic problems. Bertrand Russell 
has tried to analyze what he calls the conflict between the political 
and the industrial development of the nineteenth century from the 
time of Napoleon to the Great War. Political forces, under the im- 
pulse of the liberal tradition in that hundred years, were making 
progress towards the freedom of the individual. Industrial or- 
ganization on the other hand was compelling collective action. 

No doubt this is one of the conflicts at the very base of our 
present confusion but there are others. As Americans we are in- 
clined to measure the world we live in by what it offers to the 
common man. From that standpoint, I would begin by saying that 
in material goods the common man is probably better off even now, 
even at the end of five years’ depression, than the men of other 
countries or of other times have ever been. One hastens to explain 
when making a statement of this kind. I do not mean that people 
in general are as well off as we would like to have them and cer- 
tainly not as they would like themselves to be. Nor do I mean that 
the distress and suffering of the present depressing years are un- 
real; on the contrary, they are the more real for being not merely 
a matter of material comfort. In measured calories of food, in 
clothing for protection against the weather, in housing, it is scien- 
tifieally accurate to say that the inhabitants of a present day Ameri- 
can industrial city are better off, even if they are unemployed and 
on relief, than were their ancestors of a few generations ago in 
their time of greatest prosperity. But they are not happy nor 
have we any right to expect them to be. 

The point made here is that their distress is not the result of 
empty bellies but rather of aching heads and their heads ache be- 
cause through all the years preceding the depression we were using 
the energies of clever advertising men and refined advertising 
devices to make them want more and more and more of material 
goods. In other words, it was characteristic of our industrialized 
economy that we had to have a general population ambitious in a 
material way and greedy for material satisfactions. It is obvious 
as a matter of logic that ‘‘contentment’’ can never be reached by 
that method. Contentment is not even desirable in such an economy. 
This is important because when we say that we live in a machine 
civilization we should realize that we are characterized, in values 
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and attitudes, not by what the machine can do for us, or even by 
what it has actually done, but rather by the notions which the pres- 
sure of salesmanship has put into our thinking. It is not the in- 
ventor but the salesman who is responsible for the aching head that 
goes along with the not too well filled but by no means empty 
stomach. 

We often say also that our age is characterized by a scientific 
attitude. Pseudo-scientifie would be a better term because although 
we have our great men of science and great schools of science, 
laboratories and significant discoveries, the scientific temper which 
they signify is as yet confined almost entirely to our dealing with 
those material things which come out of the machines and not with 
the social uses made of increased production powers. It is a com- 
monplace that what we call euphemistically ‘‘social science’’ has 
lagged far behind physical science. 

In a degree the engineers are responsible for this trouble. By 
the invention of the machines which made large scale production 
possible, they necessitated large aggregations of capital and large 
combinations of personnel. The economists tell us that the increase 
in the size of the production units and the lengthening of produc- 
tion processes give us an industrial organization much less stable 
than industry was when managed on a smaller scale. Crises, 
whether inevitable or not, are much more likely in a highly de- 
veloped technical society than they are in a simple culture. 
Machines, in other words, make corporations necessary and cor- 
porations of large size put certain long processes and rigidities of 
arrangement into the economic situation which make the business 
cycle more dangerous and more uncertain. I am not here dealing 
with the question of whether or not this situation can be cured; 
all we know is that there is no cure at present in operation. The 
engineers, of course, can disclaim all responsibility for a world in 
which the mighty engines of industrial production bring about not 
more security but less, and a flow of good which although mate- 
rially greater is subjectively less satisfactory. And although the 
engineer doubtless never intended to create a world in which great 
industrial production would be outrun by the consumer’s ambition, 
he has helped largely to bring about just that result. 

Such a world, particularly when the shadow of pseudo-science 
lies across it, has other characteristics. Chief among them is that, 
in the midst of confusion and unhappiness, men will seek some way 
toward a better society. Engineers have no more responsibility 
for the creation of that better society than have other men, but 
surely they should find their own place in the process and accept 
what special responsibilities their special privileges put upon them. 
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First among these, if an outsider may be permitted to offer 
advice, is a realization by the active engineer, and by the teacher 
of engineering, that in modern morals one quality is of supreme 
importanee. I do not know whether moral standards have been 
lowered in modern times or not. I am inclined to doubt it. But 
of one thing we can be sure. When the machine plays as large a 
part as it does in our times, the greatest moral quality which a 
society can develop as an ideal and which individuals can show 
in their own lives is good workmanship. This is true in the physi- 
cal aspects of our existence as in no other. We are in constant 
physical jeopardy from machines and the thousands of mechanical 
devices that surround us in a delicately balanced network. This 
would be an intolerable strain on our nerves except for the fact 
that the ordinary workman ean be trusted to do his job. In a very 
peculiar sense the professional engineer represents this ideal of 
sound workmanship. I do not believe that our present trouble 
could have been altogether avoided if everyone had done his work 
well—obviously the problem is not so simple as that—but I am 
quite sure that our troubles would be less and our remedies for 
meeting them would be more reliable if workmanship were a still 
more widely spread virtue among our people and particularly 
among our leaders. On the humblest level this is evident enough. 
One could go so far as to say that it is more important for a 
truck driver to know how to drive his truck than it is for him to 
be honest in money matters. Of course, philosophers and phy- 
sicians will tell us that those who are trustworthy in one aspect 
of their work are likely to be so in others and that is doubtless 
true but when we consider society, as a whole, and in so far as 
what we strictly call moral is concerned it is in doing one’s job 
that one carries the greatest amount of responsibility towards his 
fellows. The profession which engineers practice is one field in 
which this quality can be best exemplified. It is not too much to 
say that the engineers represent this highest morality to the modern 
world. 

As a result of his education and his experience in the manipu- 
lation of material things an engineer may have another quality of 
immense importance at the present time. We are a partly mech- 
anized people and a partly scientific people. But in our political 
and economic and social affairs we show very little of the scientific 
temper. We are inclined at the present moment, in despair and 
fear, to indulge ourselves in the most unscientific of assumptions. 
Above all, the scientific attitude is characterized by freedom from 
prejudice and foregone conclusions, and by the instinet to take 
each problem by itself and solve it in terms of its own peculiar 
circumstances. This is more true in the application of science than 
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in its conceptual theorizing but it is the application of scientific 
thought to practical affairs that we are discussing. It is contrary 
to the instinetive training of a good engineer to suppose that some 
one remedy will solve all problems. He uses his intellectual powers 
to find in various problems all their common elements but he also 
undertakes to be alert to all elements that are special or unique. 
He is committed to a sort of pluralism and to the trial and error 
method. 

On this account, I believe he has another special duty in the 
present situation. That is to resist the recurrent tendency, shown 
throughout history by people who are frightened and in despair, 
to fly to some new formula which promises Utopian satisfaction. 
The person who is against change, who shuts his eyes to current 
evils, who says that nothing can be accomplished, is a redoubtable 
enemy of progress. Men of good will will walk through his opposi- 
tion. But the oppositive kind of obstructionist, the one who be- 
lieves that all is simple and easy and curable by formula, is more 
difficult to deal with because he also is often a person of good will. 

In a modern world, the engineer can practice the virtue of sound 
workmanship and he ean hold fast to his scientific caution in all 
practical matters. These two things, of supreme importance now, 
give him a chance to exercise a kind of leadership peculiarly his 


own. 











COLLEGE NOTES 


Case School of Applied Science——Professor George Eric 
Barnes, Professor of Hydraulic and Sanitary Engineering and 
head of the Department of Civil Engineering, has completed a 
number of working models of dams to be constructed as part of 
the Muskingum Valley Flood Control Project in southern Ohio, 
under the government’s Public Works Association and the 
Muskingum Valley Flood Control Association. Prominent engi- 
eers and government inspectors under the U. 8S. Army Engineer’s 
Corps have visited the Case laboratories recently and have in- 
spected models built by a group of Case alumni and by a corps of 
U. S. engineers under Professor Barnes’s supervision. Last June, 
Professor Barnes was named Expert Consultant for this govern- 
ment project. Major J. D. McArthur, Jr., is in full charge of the 
entire program. Three of the dams, models of which are standing 
in the Case laboratories, will be constructed immediately. 

A new elective course for juniors and seniors is being offered 
in the second semester in the study of the English and American 
Novel—its social, political, and economie background. The course 
will be given by Professor H. R. Young, assistant professor of 
English. It will form one of the many non-technical options, 
twelve hours of which must be elected by each Case student under 
the newly revised program of studies. Other non-technical op- 
tions are offered in Drama, Public Speaking, Great Books, Ameri- 
ean Literature, History, Modern Languages, Economies, and Ac- 


counting. 


University of Southern California.—A 75,000 pound hydraulic 
testing machine was constructed during the past summer by Pro- 
fessors Eyre and Duncan of the mechanical engineering division. 
This machine with auxiliary equipment, has made it possible to 
give materials testing work on the campus, instead of through the 
codperation of commercial testing organization, whose laboratory 
had been used by our students. 

In mechanical engineering, two lathes, a drill press, and other 
equipment has been added, permitting the construction of much 
equipment. A small electric induction furnace has been con- 
structed, supplementing the two gas furnaces constructed last year. 
Last year equipment for metallographic work was added. 

A 12-inch Pelton runner was purchased last fall, and using this, 
a small impulse wheel has been constructed, supplementing the 
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hydraulics laboratory equipment. Three pans for the study of 
evaporation were placed in operation last summer. 

The electrical laboratory has been adding equipment, particu- 
larly for high frequeney work. An artificial transmission line has 
been constructed and a new ecathode-ray oscillograph has been 
placed in use. 

Our enrollment has remained approximately the same as last 
year, except that some changes in departmental totals has been 
noted. The civil engineering division showed a marked increase in 
freshmen over the past several years, apparently a reflection of the 
public works program. 





NOTE 


Those interested in fluid mechanics will be glad to know that 
as the result of volunteer work on the part of several prominent 
Freeman scholars, bulletin No. 3—Transactions of the Hydraulic 
Institute of the Munich Technical University—in translation, will 
be available in March, 1935. Advance orders at a price not to ex- 
ceed $3.00 will be received by the A. S. M. E., 29 West 39th Street, 
New York City. Their pamphlet on publications gives further 
details. 











NEW MEMBERS 


AMADOR, FRANK J., Assistant Instructor in Electrical Engineering, University 
of Kansas, Lawrence, Kans. R. W. Warner, D. C. Jackson, Jr. 

BakER, Epwarp G., Instructor in Mathematics, Newark College of Engineering, 
Newark, N. J. F. N. Entwisle, V. T. Stewart. 

BEAL, GEORGE M., Associate Professor of Architecture, University of Kansas, 
Lawrence, Kans. D. C. Jackson, Jr., F. A. Russell. 

BygorNDAL, MaGnus, Chief Engineer, The Daven Co., 807 Summit Avenue, 
Jersey City, N. J. J. W. Barker, F. L. Bishop. 

CaRPENTER, Jay A., Professor of Mining, University of Nevada, Reno, Nev. 
F. H. Sibley, H. P. Boardman. 

CREDLE, ALEXANDER B., Assistant Professor of Electrical Engineering, Clem- 
son College, Clemson College, S. C. D. D. Curtis, 8S. B. Earle. 
E.uis, JAMEs L., Associate Professor of Electrical Engineering, Georgia 
School of Technology, Atlanta, Ga. R. S. Sweigert, W. V. Dunkin. 
HELANDER, LINN, Professor and Head, Department of Mechanical Engineer- 
ing, Kansas State College, Manhattan, Kans. R. A. Seaton, M. A. 
Durland. 

HEMPSTEAD, JEAN C., Assistant Professor of General Engineering, Iowa State 
College, Ames, Iowa. H. J. Gilkey, T. R. Agg. 

KELLOGG, JOSEPH M., Professor and Head, Department of Architecture, Uni- 
versity of Kansas, Lawrence, Kans, G. C. Shaad, D. C. Jackson, Jr. 
KigeLty, Epmonp R., Professor of Engineering, St. Mary’s College, Halifax, 

N. 8S. F. H. Saxon, F. L. Bishop. 
KinG, JoHN A., Professor of Mechanical and Industrial Engineering, Univer- 
sity of Kansas, Lawrence, Kans. E. D. Hay, D. C. Jackson, Jr. 
McNown, WituiaM C., Professor of Civil Engineering, University of Kansas, 
Lawrence, Kans. (re-instatement). G. C. Shaad, D. C. Jackson, Jr. 
Moort, HickMAN W., Instructor in Vocational Education, University of Ala- 
bama, University, Ala. G. J. Davis, Jr., J. M. Gallalee. 
Raw, RutH M., Assistant Professor of English, University of Akron, Akron, 
Ohio (re-instatement). F. 8. Griffin, F. E. Ayer. 
SCHNEIDER, VALERIE, Associate Professor of Chemical Engineering, Texas 
Technological College, Lubbock, Texas. J. C. Hardgrave, O. V. Adams. 
Spears, SHOLTo M., Assistant Professor of Civil Engineering, Armour Insti- 
tute of Technology, Chicago, Il. John C. Penn, J. B. Finnegan. 

TATNALL, Francis G., Manager, Testing Equipment Division, Baldwin-South- 
wark Corp., Philadelphia, Pa. Albin H. Beyer, J. K. Finch. 

Witcox, JAMEs E., Instructor in Engineering, Santa Rosa Junior College, 
Santa Rosa, Calif. H. B. Langille, Franklin O. Rose. 

WiLson, GEorGE W., Vice President, International Correspondence Schools, 
Scranton, Pa. George W. Farnham, L. P. Arduser. 
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DEVOTED TO THE INTER- 
ESTS OF THE DIVISION OF 
ENGINEERING DRAWING 


FREDERIC G.HIGBEE, EDITOR 





Standards of Performance: The distribution of the teaching of 
Engineering Drawing leaves much to be desired: the necessary 
fundamental work is usually concentrated into the freshman year; 
some colleges have additional courses in the sophomore year, few 
if any have teaching courses in drawing beyond this point. The- 
oretically the student, now having been trained and assumed to be 
well versed in drawing, uses drawing as a means of communication 
—much as he uses spoken and written English—with facility and 
expresses himself in this medium legibly, grammatically, and neatly. 

This ideal condition is, however, far from realized. Teachers 
of advanced engineering subjects are too little concerned over the 
drawings submitted in their courses as drawings; in fact in most 
institutions neither the written, spoken or drawn language of stu- 
dents beyond the sophomore year is held up to the performance to 
which students have been trained. Moreover, there are too many 
wide time gaps during this later period of the students’ training 
when not enough drawing is done to ‘‘keep his hand in’’; and there 
are too many instructors who are satisfied with ‘‘just a free-hand 
sketch’’ with too much emphasis on the ‘‘just’’! 

The training of engineering students to express themselves 
neatly, concisely, legibly in the language of drawing could be 
materially aided by two simple and available pedagogical devices: 

1. Instructors in advanced engineering subjects should insist 
upon the frequent use of free-hand and mechanical drawings and 
should accept no work of this character not up to the standards of 
the Engineering Drawing Department. 

2. As frequently as possible reports, problems, studies, ete., 
should be required as course work in advanced subjects, these to 
include drawings, both free-hand and mechanical, tabulations, 
charts, graphs, etc., as well as written work, and this submitted 
work should be read and graded on the basis of Drawing, English, 
and the solution of problem, by each department involved. 
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BOOK REVIEW 


Electrical Engineering, Vol. II, 3d Edition. CHEsterR L. Dawes, 
of Harvard University. Published by McGraw-Hill Book Com- 
pany. 600 pages. Price $4. 


The problem of presenting new material and correlating jt into 
an established book has been solved very effectively by the author 
in his third edition. The book is divided into 15 chapters and there 
is included an appendix which contains appropriate questions and 
problems, mathematical tables, and other useful information. 

The first 80 pages of the book are used in presenting alternating 
current relations in single phase circuits. This includes a chapter 
on complex quantities and vectors. Next in order is a chapter on 
alternating current instruments which treats in a thorough manner 
the common types of meters, oscillographs and other important 
measuring devices. After devoting a chapter to polyphase systems, 
the author takes up in order alternators, transformers, motors, 
converters, and power transmission. 

The last 100 pages of the book are applied to vacuum tubes and 
rectifiers. Applications of these tubes are pointed out with con- 
siderable discussion on tube characteristics. Connection diagrams 
for oscillator, modulation, and typical receiver circuits are included. 
On the subject of rectifiers the author brings out the principles of 
the electrolytic disc, mereury and hot cathode types of rectifiers. 
Space is devoted to polyphase rectifiers as well as the Thyratron 
tube with some of its interesting applications. 

Many new illustrations appear throughout. New subject mat- 
ter includes such material as tap changing transformers, double 
squirrel cage windings, synchronous motors of very small size, 
De-ion circuit breakers, Thyratron tubes and other equipment 
which has in the past few years found very definite application in 
the Electrical Engineering field. 

The reviewer believes that this new edition with its broader 
scope comes up to the high standard set by the author in his pre- 
vious works, and that it will have a definite appeal to any person 


who has used the second edition. 
R. W. AHLQUIST 
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